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Preface 


S ince the lime the 1IT-JEE (Indian Institute of Technology Joint Entrance Examination) started, the 
examination scheme and the methodology have witnessed many a change. From the lengthy subjective 
problems of 1950s to the matching column type questions of the present day, the paper-setting pattern 
and the approach have changed. A variety of questions have been framed to test an aspirant's calibre, aptitude, 
and attitude for engineering field and profession. Across all these years, however, there is one thing that has not 
changed about the IIT-JEE, i.e., its objective of testing an aspirant’s grasp and understanding of the concepts 
of the subjects of study and their applicability at the grass-root level. 

No subject can be mastered overnight; nor can a subject be mastered just by formulae-based practice. 
Mastering a subject is an expedition that starts with the basics, goes through (he illustrations that go on the lines 
of a concept, leads finally to the application domain (which aims at using the learnt concept(s) in problem¬ 
solving with accuracy) in a"highly structured manner* 

This series of books is an attempt at coming face-to-face with the latest IIT-JEE pattern in its own format, 
which is going to be highly advantageous to an aspirant for securing a good rank. A thorough knowledge of the 
contemporary pattern of the IIT-JEE is a must. This series of books features ail types of problems asked in the 
examination—be it MCQs (one or more than one correct), assertion-reason type, matching column type, or 
paragraph-based, thought-type questions. Not discounting to need for skilled and guided practice, the material 
in the book has been enriched with a large number of fully solved concept-application exercises so that every 
step in learning is ensured for the understanding and application of the subject. 

This whole scries of books adopts a multi-facetted approach to mastering concepts by including a variety of 
exercises asked in the examination. A mix of questions helps stimulate and strengthen multi-dimensional 
problem-solving skills in an aspirant. Each book in the series has a sizeable portion devoted to questions and 
problems from previous years’ IIT-JEE papers, which will help students get a feel and pattern of the questions 
asked in the examination. The best part about this series of books is that almost all the exercises and problem 
have been provided with not just answers but also solutions. 

Overall the whole content of the book is an amalgamation of the theme of physics with ahead-of-time 
problems, which an aspirant must follow to accomplish success in IJT-JEE. 


B* M. Smarm a 
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1.2 Physics for IITJEE; Electricity and Magnetism 

ELECTRIC CHARGE 

Electric charge, like mass, is one of the fundamental attributes of 
the particle of which the matter is made. Charge is the physical 
property of certain fundamental particles (like electron, proton) 
by virtue of which they interact with the other similar funda¬ 
mental panicles. 

• Charge is an intrinsic property of some fundamental par¬ 
ticles which accompanies these particles wherever they 
exist. 

• Charge is that properly of a body/particlc which is respon¬ 
sible for electrical force between them. 

To distinguish the nature of interaction, charges are divided 
into two parts: 

(i) positive (ii) negative. 

Fig. l.l shows an experiment to demonstrate that there are 
two types of charges. 

We know that matter consists of atoms. An atom consists 
of a central core (called nucleus) and electrons. Electrons orbit 
around the nucleus. Nucleus consists of neutrons and protons. 
Neutrons do not contain any net charge. Protons and electrons 
have equal charges, but of opposite nature. Protons are positively 
charged while electrons are negatively charged. Protons, how¬ 
ever, are very heavy when compared with electrons, about 1836 
times. Protons are imprisoned in the nucleus along with neu¬ 
trons due to the strongest binding force existing in nature called 
‘strong or nuclear force*. Thus, protons do not travel from atom 
to atom. The outermost electrons may travel from atom to atom. 
Hence, we say that electrons are the basis of electricity. 

Charge on a proton or on an electron is of indivisible nature. 
We designate this charge by +e and respectively. Hence, 
charge in or on any object is always an integral multiple of the 
electronic charge. 


In a normal atom: 

i. Number of protons = number of electrons. 

ii. Protons have the basic +e charge and electrons have the 
basic —e charge. 

iii. Hence, a normal atom is electrically neutral. 

Electrons can travel from one atom to another and from one 
body to another. 

If a body loses one electron, it becomes positively charged 
with +e charge and vice versa, 

A body, however, cannot lose or gain any proton, which is 
heavy and remains imprisoned in the nucleus, by ordinary meth¬ 
ods. 

Note: Basic unit of charge = e, whose Magnitude is equal 
to the magnitude of charge on an electron or pr&ton } 
e = 1.6 x 10" ,9 C 

SJ. unit of charge: As mentioned above > e = 1,6 x 10" 19 
C In it } e stands for one electronic charge which is the basic 
unit of charge. C stands for “coulomb” (note the small c in 
“coulomb”), “coulomb” is the SJ. unit of charge. 


CHARGING OF A BODY 

Ordinarily, matter contains equal number of protons and elec¬ 
trons. A body can be charged by the transfer of electrons Or 
redistribution of electrons. 

A body can be charged by the transfer of electrons and not 
due to the transfer of protons.. Why? 

It is because protons are inside the nucleus and it is very 
difficult to remove them from there. Electrons lie in the outer 
shells and it is easier to remove them. 
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As now these arc attracting, so nature of 
charge acquired by ebonite rod should be 
different from nature of charge acquired 
by glass rod. Hence, there are two 
kinds of charges, 

Glass rod rubbed I Conclusion: Unlike charges attract each other 

with silk and ebonite rod - S 

rubbed with fur 

Final Conclusion; Like charges repel each other and unlike charges attract each other. 
Later on it was found that glass rod had positive charge and ebonite rod had negative charge. 
There is no third kind of charge. 
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Coulomb's Laws and Electric Field 1 


To charge a body negatively: some electrons are given to it. 
To charge a body positively: some electrons are taken from it. 

WORK FUNCTION OF A BODY 

'he amount of work to be done on a body in order to remove 
„iectron from its surface , Obviously it is easier to remove an 
electron from a body whose work function is lower. 

Let us see how bodies get charged due to friction: 

As shown in Fig. L2, let W 2 > W\< 

Now, suppose A and B are rubbed together. 

Net transfer of electrons will take place from A to B. 

It is to be noted that mass is also affected during charging. 
(Mass of negatively charged body Increases and that of posi¬ 
tively charged body decreases.) 



Basically charging can be done by three methods: 

1. Friction, 2. Conduction, and 3, Induction. 

Charging by Friction 

When two bodies are rubbed together, electrons are transferred 
from one body to the other making one body positively charged 
and the other negatively charged. 

Example: When a glass rod is rubbed with silk, the rod be¬ 
comes positively charged while silk gets negatively charged. 
However, ebonite on rubbing with wool becomes negatively 
charged making the woo! positively charged. 


Charging by Conduction 

The process of charging from an already charged body car 
happen either by conduction or induction. Conduction from i 
charged body involves transfer of like charges. A positively 
charged body can cause more bodies to get positively charged 
but the sum of the total charge on all positively charged bodies 
will be the same as charge on Initially considered charged body 

Charging by Induction 

Induction is a process by which a charged, body can be us^t) 
to create other charged bodies without touching them or los- 
ing its own charge. If a charged body is brought near a neutral 
body, the charged body attracts opposite charge and repels simi¬ 
lar charge present on the neutral body. If the neutral body is now 
earthed, the like charge is neutralized by the flow of charge from 
earth, leaving unlike charge on the body. Now, the earthing and 
the charging body is removed leaving the initially neutral body 
charged, The whole process is as shown in Fig. 1.3. 

PROPERTIES OF ELECTRIC CHARGE 

Quantization of Charge 

Charge exists in discrete packets rather than in continuous 
amount, l.e., charge on any body is the integral multiple of the 
charge on an electron or proton. 

Q = ±ne l where n = 0, 1,2,... 

Conservation of Charge 

Charge is conserved, i.e., total charge on an isolated system is 
constant. By isolated system, we here mean a system through 
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1.4 Physics for IIT-JEE: Electricity and Magnetism 


the boundary of which no charge is allowed to escape or enter. 
This does not require that the amount of positive and negative 
charges separately be conserved. 

Additivity of Charge 

Total charge on a body is the algebraic sum of all the charges 
located anywhere on the body. While adding the charges, their 
sign must be taken into consideration. 

For example, if a body has charges 2 C, -5 C, 4 C and 6 C 
(Fig. 1.4), then total charge on the body = 2- 5 + 4 + 6 = 7C, 
Note that charges arc added like real numbers. They have no 
direction. So, charge is a scalar quantity. 



Charge Is Invariant 

Charge does not depend on the speed of body. 

- Points to Remember - 

There are two types of forces which act between two charges. 
If the charges are stationary, there is only one type of force 
between them. It is called ‘‘electric’ 1 or “electrostatic" force. It 
is given by Coulomb’s law for point charges. If the charges are 
moving, then two types of forces act between them. The first 
one is the ubovc said electric force. The other force which 
emerges due to motion is called magnetic force. We shall 
study magnetic force in u later chapter. 

Charge produces electric and magnetic fields and radiates 
energy: A stationary charged particle produces only electric 
field in the space surrounding it, A charged particle moving 
without acceleration produces electric as well as magnetic 
fields. A charged particle in accelerated motion radiates en- 
ergy as well, in the form of electromagnetic waves. 


A glass rod is rubbed with a silk cloth. 
The glass rod acquires a charge of+19.2 x 10 -19 C. 


Note that mass transferred is negligibly small. This is expected 
because the mass of an electron is extremely small. 


j yjr [ yjgjQJgl Electric charges A and B attract each 
other. Electric charges B and C repel each other. If A and C 
are held close together, they will: 

1. attract 2. repel 3. not affect each other 
4. more information is needed to answer. 

Sol. 



From both cases, we see that A and C will be having unlike 
charges. Hence, if the charges A and C are held together, they 
will attract each other. 


If an object made of substance A is 
rubbed with an object made of substance B, then A becomes 
positively charged and B becomes negatively charged. If, 
however, an object made of substance A Is rubbed against 
an object made of substance C , then A becomes negatively 
charged. What will happen if an jibject made of substance 
B is rubbed against an object made of substance Cl 


1. B becomes positively charged and C becomes positively 
charged. 

2. B becomes positively charged and C becomes negatively 
charged. 

3. B becomes negatively charged and C becomes positively 
charged. 

4. B becomes negatively charged and C becomes negatively 
charged. 

Sol. 3. When A and B are rubbed, A becomes positively charged 

and B becomes negatively charged. It means 


1. Find the number of electrons lost by glass rod. 

2. Find the negative charge acquired by silk. 

3. Is there transfer of mass from glass to silk? 

Given, = 9 x 10" 31 kg, 

Sol. 

1. Number of electrons lost by glass rod is 

q 19.2 x 19" 19 
n ~ e ~ 1.6 x 10-' 9 

2. Charge on silk = — 19.2 x 10 _19 C 

3» Since an electron has a finite mass (m e = 9 x KT 31 kg), 
there will be transfer of mass from glass rod to silk cloth. 
Mass transferred := 12 x (9 x 10" 31 ) = 1.08 x 10“ 29 kg 


• Electrons are loosely bound with A in comparison to B< 
When A and C are rubbed together, A becomes negatively 
charged and C positively charged. It means 

• Electrons are loosely bound with C in comparison to A, 

• Hence, in C electrons are most loosely bound. 

So, if the objects B and C are rubbed together, C will loose 
electrons and B will receive electrons, 


• Hence, C will become positively charged and B will be¬ 
come negatively charged. 


liliistniiibn 1;4 


_______ Objects A, B and C are three identical, 

insulated, spherical conductors. Originally A and B both 



























+3 mC, while C has a charge of -6 mC. 
C are allowed to touch, then they are moved 
,, objects B and C are allowed to touch before 
ioved apart. 

■ jects A and B are now held near each other, they will 
..attract b. repel c. have no effect on each other, 
.'(instead objects A and C are held near each other, they 
will 

a. attract b. repel c. have no effect on each other, 
il. 

Initially © © © 

+3 mC +3 mC - 6 mC 

• When the objects A and C are allowed to touch and then 
moved apart: 

0 © 00 = 0 © 

((+ 3 mC + (-6 mC) - -3 mC] — — - - mC 

• When the objects B and C ore allowed to touch and then 
moved apart: 

® © ® 3 =>© 

j^(+3 mC) + mC^ = + j mcj + ^ mC + ^ mC 

Hence, if A and B are now held near each other, they will 
attract each other. 

• If A and C are now held near each other, they will also 
attract each other. 


IlliiKlralum 1.5 


_ Figure 1.5 shows that a positively 

charged rod Is brought near two uncharged metal spheres A 
and B attached with Insulated stands and placed in contact 
with each other. 


1. What would happen If the rod was removed before the 
spheres are separated? 

2. Would the induced charges be equal in magnitude even If 
the spheres had different sizes or different conductors? 

3. What will happen If the spheres are separated first and 
then the rod Is removed far away. 



Fig. 1.5 
Sol. 

1. When a positively charged rod is brought near A, the free 
electrons in the sphere A are attracted to the rod and move in 
the left side of A. This movement leaves unbalanced positive 
charge on B. If the rod is removed before the spheres are 
separated, the excess electrons on sphere A would flow back 
to B, Both the spheres will become uncharged. 


Coulomb's Laws and Electric Field 1,5 



1=1 1=1 =1 1=1 =1 (=1 

(») (b) (c) 

Fig. 1.6 

2. Yes, net charge Is conserved. Before the rod is brought near 
A , both A and B were neutral, They will remain so even if 
they have different sizes or materials. 

3. If the rod is removed after the spheres are separated, the 
sphere A will have net negative charge and sphere B will 
have net positive charge of same magnitude. 


Concept Application Exercise 1,1 \ 


1. a. How many electrons are in i coulomb of negative 

charge? I 

b, Which is the true test of electrification, attraction or 

repulsion? / 

c. Can a body have charge of 0.8 x 10“ 19 C? 

2. Find the unit and dimension of permittivity of free space. 

3. If only one charge is available, can it be used to obtain a 
charge many times greater than it in magnitude? 

4. a. Can two bodies having like charges attract each other? 

(Yes/No) 

b. Can a charged body attract an uncharged body? 
(Yes/No) 

c. Two Identical metallic spheres of exactly equal masses 
are taken] one Is given a positive charge q and the other 
an equal negative charge. Their masses after charging 
are different. Comment on the statement. 

5. A particle has charge of+10 -12 C, 

a. Does It contain more or less number of electrons as 
. compared to the neutral state? 

b. Calculate the number of electrons transferred to provide 
this charge. 

6. An ebonite rod is rubbed with fur. The ebonite rod is found 
to have a charge of —3.2 x 10~ 8 C on it. 

a. Calculate the number of electrons transferred. 

b. What is the charge on fur after rubbing? 

7. The electric charge of macroscopic bodies is actually a 
surplus or deficiency of electrons. Why not protons? 

8. A charged rod attracts bits of dry paper which after touch¬ 
ing the rod, often jump away from it violently. Explain. 

9. A person standing on an insulating stool touches a charged 
insulated conductor. Will the conductor get completely 
discharged? 

10. An electron moves along a metal tube with variable cross 
section. How will its velocity change when it approaches 
the neck of the tube (Fig. 1.7)? 
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/ 


Fig. 1.7 

11. Define the following statement “If there were only one 
electrically charged particle in the entire universe, the con¬ 
cept of electric charge would be meaningless”. 


COULOMB'S LAW 

The force of interaction between two point charges is propor¬ 
tional to the product of magnitudes of the two charges and in¬ 
versely proportional to the square of distance between them. 


o 

fit 1^_ 

■ 

0 



Fig. 1.8 


Let two point electric charges q\ and q 2 are at rest, separated 
by a distance r, then they exert a force on each other which is 
given by 

r 2 

where A; is a proportionality constant known as electrostaticforce 
constant , 

If between the two charges there is free space (or vacuum), 

then k = —— = 9 x iti 9 Nm 1 C^ 2 (in SI units) 

4tT£q 

where eo = = 8.S5 x 10" n C 2 N _1 m" 2 is the absolute 

4 nk 

electric permittivity of the free space. 

1 G\Q 2 

So, force between two charges is given as F = --(i) 

4rrfio r 

Equation (1) is applicable only for point charges placed in 
vacuum. Now, what happens if the two charges are placed in 
some medium? 

Q i Ql 

In a medium, the force is given as: F* = k }1 -r- (ii) 

1 r2 
where k f = -— and in this e is known as absolute electrical 
Airs 

permittivity of medium. 

Then, F‘ = 1 gl f (Hi) 

4tt e r 2 
e 

The ratio — = e T is known as relative electrical permittivity 

Bo 

of medium. 

It is also known .as dielectric constant and denoted by K. 

So, — = 8 r = K 

The value of K for different materials: Vacuum = 1, 
air = 1.006 1, glass = 3 to 4, water = 81, conductor = oo. 

In general K > 1 


Now, from (i) and (ni) : — = — = 

F e K 

means when the charges are placed in a medium,, 
creases K times. 

F 

Also, K = —. So, the dielectric constant of a medium > 

defined as the ratio of force between two charges when the ; 
placed in vacuum to that when they are placed In that medt 
at same separation . 


Note: 




Coulomb's law is not valid for distances < 10~ xs m. 
Electrostatic forces are comparatively stronger than 
gravitational forces* Can you show this? 


(As an example—when we hold a book in our hand, electric 
force between hand and the book is sufficient to balance the 
gravitational force of earth on the book due to entire earth.) 






ill. 


Some Important Points 

• Coulomb’s law is applicable only for point charges. 

• Coulomb’s law is similar to Newton's gravitational 
law and both obey Inverse square law. 

• Coulomb’s law obeys Newton’s third lqw, jLe., the 
forces exerted by the two charges bn each other are 
equal and opposite. 

• This force acts along the line joining the two particles 
(called central force). 

• Electrostatic force is a conservative force. 






COULOMB'S LAW IN VECTOR FORM 

Let q\ and q? be two like charges placed at points A and S, 
respectively, in vacuum. 



?i is the position vector of point A and r 2 is the position vectoi 
of point B. 

Letr is vector from A to B, then? = ? 2 — ?i andr = |r 2 — r\ \ 
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^ P = : = hzh 

r |r 2 -r,| 

Let Fi i be the force on charge q 2 due to q \; and 

F \2 be the force on charge q\ due to q 2 . 

From Fig. 1.9, It is clear that Fh and are in the same 
direction, so 


K = 


1 

4rre 0 r 2 


f 


t qm l 

r 1 r 


qm r 

4 TTSo r 3 


i 1\ « ? 2-n 

=*> ri\ = ---—r 

4n-e 0 |r 2 -ri| 3 

The above equations give the Coulomb’s law in vector form. 
As we know that charges apply equal and opposite forces on 
each other, so we have 


F n = 'Fi 1 


F _ 4!<72 
r 12 = ~T 


n - r 2 


4jre 0 |r, - hi* 

Also, the forces due to two point charges are parallel to the line 
joining the point charges; such forces are called central forces 
and so electrostatic forces are conservative forces. 


Superposition Principle 

It enables us to calculate the force acting on a charge due to more 
than one charge. 

According to superposition principle > the total force on a 
given charge is vector sum of all the individual forces exerted 
by each of the other charge. 

F = + Ft + ■ ■ * + F tl 

Another important point is that the force between two charges 
remains unaffected due to the presence of a third charge. 



• Coulomb’s law and principle of superposition to¬ 
gether can explain whole of the electrostatics , 

• Both Coulomb’s law and Gravitational law describe 
inverse square law that involve a property of interact¬ 
ing particles—the charge in ohe case and mass in the 
other case . 


(IlnstnUion 1.6 


Two Identical conducting spheres 1 and 
2 carry equal amounts of charge and are fixed a certain dis¬ 
tance apart that is large compared with their diameters. The 


spheres repel each other with an electrical force of 88 mN. 
Suppose now that a third Identical sphere 3 having an In¬ 
sulating handle and initially uncharged, is touched first to 
sphere 1 then to sphere 2 and finally removed. Find the force 
between spheres 1 and 2 now shown in figure d. 


<—CD CD —-> 


( 8 ) 



CD 


(b) 


CD 



F' 

<y 


Fig. 1,11 


- F* 

<D CD—> 

(d) 
ka 2 

Sol. Initial force between T and 1 2 1 P = -Ar = 88 mN 

r} 

Charge on 1 1* afier sphere *3* is touched with *P = <?/2. Same 
charge will be on sphere ‘3* also. 

Charge on 1 2 1 after sphere ‘3’ is touched with ‘2*= 
<? +<?/2 _ 3£ 

2 4 

Now, force between 1 1 ’ and ‘2’ in situation d ; 

%/2XW4) 3jg 3 

r 2 8 r 2 8 

Two identical He-fllled spherical bal¬ 
loons each carrying a charge q are tied to a weight Wwlth 
strings and float in equilibrium as shown in Fig. 1.12(a). 
Find: 


Illustration 1.7 


1. the magnitude of q , assuming that the charge on each 
balloon acts as if it were concentrated at the centre. 

2. the volume of each balloon. 



Sol. 1. 27 cosfl = W'.Tsinfl = F [Fig. 1.12(b)] 
tan0 F _ ,,,tan0 

* — = w* F = w — 

=> -— ? ^ =» q = tanflrrso* 2 


4tt£o (2*) 


W 


2. Tco&d+mg = B => y + v fiHtg = Vp a g 

W 

=> v =- 

2 (p a - PHa) 8 
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IlliiKlnitimt 1*8 


Two particles, each having a mass of 5 g 


and charge 10 ~ 7 C, stay In limiting equilibrium on a hori¬ 
zontal table with a separation of 10 cm between them. Find 
the coefficient of friction between each particle and the table, 
which is same between each particle and table. 

Soi. Friction force / will balance the electrostatic repulsion, 

i.e, / = 



=>,<>< Tooo * 10 = 


/ 

Fig. 1.13 

9 x 10 9 x (iO" 7 ) 2 


u = 0.18 


IlhiKtralion l/> 


(0.10) 2 

A particle of mass m carrying a charge 

-qi starts moving around a fixed charge +qi along a circular 

path of radius r. Prove that period of revolution T of charge 

. , * * I6n 3 st>mr 3 

~q\ Is given by T = . -. 

Y 

Sol. Electrostatic force on -q\ due to qi will provide the nec¬ 
essary centripetal force, hence 
kq\qi _ mv 2 ^ _ [kqtft 


mr 


Now t T s= 


2nr _ / \6n 3 £omr* 
v y 



Nlustnilion L10 


Consider three charges 91 , qi and qj, 
each equal to q, at the vertices of an equilateral triangle of 
side /. What Is the force on a charge Q placed at the centroid 
of the triangle? 


3 Qq . V3 Qq 

4*«o f 2 l 1 


, VS Qq 

4*eo. I 2 


4 < zero 


So!. Method 1* The resultant of three equal coplanar vectors 
acting at a point is zero if these vectors form a closed polygon 

—► —¥ —k 

(Fig. 1.15). Hence, the vector sum of the forces F\, F 2 and Fj 
is zero. 


Method 2. The forces acting on the charge Q are 


1 Qq\ 

4jrs 0 AO 2 


AO 


9\ 



Fi = force on Q due to <72 
Fj = force on Q due to q j 


1 Qqi 

nso BO 1 
1 Qqi 


So 




The resultant force Is F* = F) + F 2 + Fj ■ 

= ih-3 (Xd+ss+e5) -° 

(as J 91 I = toil = toil and |Zd| = |fid| = |cd|) 

Also, + fid + CO = 0 because these are three equal 

vectors in a plane making angles of 120 ° with each other. 

—* 

Method 3. The resultant force F is the vector sum of indi¬ 
vidual forces 


£ F - Fi + Fi + F 3 or 

T. Fm= Fix + Fix + Fj x 

= 0 + F 2 cos 30° - Fi cos 30° (i) 


y 



And 52 Fj = Fiy + Fty + Fjy 

= - F] + Fj sin 30° 4- F 3 sin 30° (ii) 

As | Fi | = |Fi| = |Fj| = |F| (say), the equations (i) and (ii) 
become 

F, = 0 and 52 Fy = 0. Hence, resultant force 52 F = 0. 


F| = force on Q due to q\ = 
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Illustration 1.11 


Point charges are placed at the vertices 
of a square of side a as shown In Fig. 1.18. What should be 


sign of charge q and magnitude of the ratio — 

I 


so that: 


1. net force on each Q is zero? 

2. net force on each q is zero? 


Is it possible that the entire system could be in electrostatic 
equilibrium? 



Sol. 


Fig. 1.18 


1. Consider the forces acting on charge Q placed at A (shown 
in Fig. 1.19(a) and (b)) 

Case 1. Let the charges q and Q are of same sign. 



(q and Q are of same nature) 
Here, net force cannot be zeio. 


^3 



(q and Q are of opposite nature) 
Here, net force can be zero. 


Fig. 1.19 

J qO 

Here. Ft =- - {force of a at D on Q at A } 

4 7T£o a 2 

F = 1 qQ 

2 a 2 

F = 1 5(2 

3 4jt£q 

In Fig. 1.19(a), resultant of forces F\ and F 2 will lie 
along Fj so that net force on Q cannot be zero. Hence, q and 
Q have to be of opposite signs. 


{force of q at B on Q at } 
{force of Q at C on Q at A} 


Case II. Let the charges q and Q are of opposite sign. 

In this case, as shown in Fig. 1.19(b), resultant of F\ and F 2 
will be opposite to F$ so that it becomes possible to obtain a 
condition of zero net force. 

Let us write Fr — F\ + F 2 




47 TGo a 2 

Direction of Fr will be along AC (F*, being resultant 
of forces of equal magnitude, bisects the angle between the 


two) Fr and F 3 are in opposite directions. Net force on Q 
can be zero if their magnitudes are also equal, i.e., 

1 qQ sf%= 1 QQ - Q 


4tt£o a 2 


* q ~ 2 V 2 * 


4it £q 2 a 2 

s_ 

Q 


or 


47TSoa 2 


M)- 


0 


1 


[Q* 0 ) 


2 -J 2 

/, The sign of q should be negative. 

2. Consider now tfre forces acting on charge q placed at B (see 
Fig. 1.20(a) and (b)). 

In a similar manner, as discussed in 1 , for net force on q to 
be zero, q and Q have to be of opposite signs. This is also 
shown in the given figures. 


*3 



(a) 

(1 q and Q are of same sign) 
Here, nei force cannol be zero. 



(q and Q are of opposite sign) 
Here, net force could be zero. 


Now, 
F 2 = 
Fi = 


Fi = 

1 


Fig. 1.20 
1 Qq 


4jr«o a 2 

G? 


4tT£o 0 } 
1 <? 


(force of Q at Aon q at B} 
(force of Q at C on q at fl} 
(force of q at D on q at B) 


4tt $q 2a 1 

Referring to Fig. 1.20(b), let us write F R — F)'+ Fa 
1 


••• = 


An eo a 2 ^ 

Resultant of F ) and i.e., Fg. is opposite to Fj. Net 
force can become zero if their magnitudes are also equal, i.e., 


1 Qq 

4ne<} a 2 


V2 = 


1 


<? 


An8a 2a 2 




47T$o ^ 2 
= 2 n/2 [q* 0) 


(^o- !)=» 


The sign of 'q' should be negative. 

In this case, we need not to repeal the calculation as the 
present situation is same as previous one; we can directly 

= 2 V 2 


write 


3. The entire system cannot be in equilibrium since both condi- 

Q q 

tions, i.e., q =-— and Q = - -= cannot be satisfied 

^ 2 v^ 

together. 


tl lllS EO!t 1.12 


Two identical small charged spheres, 
each having a mass hang in equilibrium as shown in 
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Fig. 1.21(a). The length of each string is / and the angle made 
by any string with vertical 1$ #. Find the magnitude of the 
charge on each sphere. 

Sol. The forces acting on the sphere are tension in the string 7; 
force of gravity, mg; repulsive electric force, F e , as shown in the 
free body diagram of the sphere (Fig. 1.21 (b)). The sphere is in 
equilibrium. The forces in the horizontal and vertical directions 
must separately add up to zero.. 

J^Fj = 7 sin#- F c = 0 ‘ (L) 

F y = 7 cos# — mg = 0 (ii) 



From equation (ii), 7 = 


mg 


, . . , . # 

from equation (i) to obtain 

kq 2 

F e = mg tan# or -r- = mg tan # 
y l 

where k = --and r = 21 sin 0. 

47 T£ 0 

The equation (iii) now reduces to 


Thus, we can eliminate 7 


l 


or 4 = yJ\67rsol 2 mg tan 6 sin 2 # 


47 r£o (2 1 sin#) 2 


(iii) 


= mg tan # 


Illustration 1.13 


Two Identical balls each having a density 
p arc suspended from a common point by two insulating 
strings of equal length. Both the balls have equal mass and 
charge. In equilibrium, each string makes an angle # with 
the vertical. Now, both the balls are immersed in a liquid. As 
a result, the angle 0 does not change. The density of liquid is 
a. Find the dielectric constant of the liquid. 

Sol, Let V is the volume of each ball, then mass of each ball: 
. m = f>V 

When the balls aie in air, from previous problem, 

F — mg tan # = p Vg tan # (l) 




(pv g -°v g ) ipVz-oVg) 
(b) 


Fig. 1.22 


.te balls are suspended in liquid, the Coulombic force 
is rc«... .d to F* -F/K and apparent weight = weight -upthrust: 
W‘ = (pVg-<rVg). 

According to the problem, angle # is unchanged. So, 

F* = W' tan 0 = (pVg — a Vg) tan # (ii) 

From equations (i) and (ii), we get 


— = K = = p 

F‘ pVg-oVg p-a 


Illustration 1.14 


Three particles, each of mass and 
carrying a charge q each, are suspended- from a common 
point by insulating massless strings, each of length the 
particles are in equilibrium and are located at the corners of 
an equilateral triangle of side l a\ calculate the charge q on 
each particle. Assume L » a. 


Sol. From Fig. 1.23(b), for equilibrium of a particle along a 
vertical line, 


7 cos # = mg (i) 

While for equilibrium in the plane of equilateral triangle, 

7. sin # — IF cos 30° (ii) 

So, from equations (i) and (ii), we have 



Here, F = 


1 


4tt£o a 1 
Also, from Fig. 1.23(c) 


Fig. 1.23 

q X . n OA 
and can 6 = —— i 
OP 


OA 

-JV- - OA 2 


2 2 a 

OA = -AD = -a sin 60° = -= 

3 3 ^3 


So, tan # = 

On substi 
(iii), we get: 


(«A/5) 


{as L >> n} 


A 2 -(« 2 /3) |V5 )l 

On substituting the above values of F and tan 0 in equation 




(v/3) L m & 


\.e. y q = 


4 m^cring 
37 


A thin fixed ring of radius V has a pos¬ 
itive charge l q* uniformly distributed over it. A particle of 
mass l tn 9 and having a negative charge ‘ Q 5 is placed on the 
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axis at a distance of x (x « a) from the centre of the ring. 
Show that the motion of the negatively charged particle is 
approximately simple harmonic. Calculate the time period 
of oscillation. 



Sol. The force on the point charge Q due to the element dq of 
the ring 

1 dqO 

dF = -- - along AB 

4x£ 0 r 2 

As for every element of the ring there is symmetrically situated 
diametrically opposite element, the components of forces along 
the axis will add up while those perpendicular to it will cancel 
each other Hence, net force on the charge —Q is 


dF cc&6 — cos# 


S tr ■ 


Qq* 


F ~J 

'-7 /iffl 

S °‘ F ~ 47T£ 0 r J / d<1 ~~ 4tt£ 0 ^2 +x 1 ) in 

jas r = (a 2 -f x 2 )^ 2 and f dq = q j 

—ve sign shows that this force will be towards the centre of ring. 
As the restoring force is not linear, the motion will be oscil¬ 
latory. However, if* « a so that x 2 « a 2 , 


(»> 


F = -■ 


l Qq 


x — —kx with A “ 


Qq 


4jT£q a 3 " V 47T£oQ y 

i.e., the restoring force will become linear and so the motion is 
simple harmonic with time period 


T 


2 JT 

a> 


= 2 7T 




Illustration 1.16 


shown In Fig, 1,25. 


The field lines for two point charges are 



1. Is the field uniform? 

2 . Determine the ratio —. 

9b 

3. What are the sign of q A and 

4. Apart from infinity, where is the neutral point? 

5. If q A and q B are separated by a distance 10(V2 - 1) cm, 
find the position of neutral point. 

6 . Where will the lines which are not meeting at q B meet? 

7. Will a positive charge follow the line of force if free to 
move? 

Sol. 
h No. 

2. Number of lines coming from or coming to a charge is pro¬ 
portional to magnitude of charge, so 

£a _ 12 

qB 6 

3. q A is positive and q B is negative, 

4. C is the other neutral point. 

5. For neutral point E A = E B 

1 qA _ 1 q_B_ 

47T6q(L+x) 2 4neo x 2 


A 

©■ 


i* 




Fig. 1.26 

— = 2 => * - 10 cm 

qa 


6. At infinity, 

7. No, as lines of force are curved, the direction of velocity and 
acceleration will be different. Hence, a charge cannot follow 
strictly the line of force. 


Concept Application Exercise 1.2 


1. a. A negatively charged particle is placed exactly mid¬ 

way between two fixed particles having equal positive 
charges. What will happen to the charge: 

L if it is displaced at right angle to the line joining the 
positive charges? 

ii. if it is displaced along the line joining the positive 
charges? 

b. Does the Coulomb force that one charge exerts on other 
charges change if the other charges are brought nearby? 
(Yes/No) 

2. a. Does an electric charge experience a force due to the 

field produced by itself? (Yes/No) 
b. Two point charges q and -q are placed at a distance 
d apart. What are the points at which resultant electric 
field is parallel to line joining the two charges? 

3. Two negative charges of a unit magnitude and a positive 
charge l q 1 are placed along a straight line. At what position 
and value of q will the system be inequilibrium? (Negaii 
charges are fixed.) 


Fig. 1.25 
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4. Fig. 1.27 shows three arrangements of an electron e and 
two protons p(D > d)< 

a. Rank the arrangements according to the magnitude of 
the net electrostatic force on the electron due to the 
protons, largest first. 

*-D--—► 

o-o-0 

e p p 

(a) 

e 

o— 
d 


Fig. 1.27 

b. In situation c, is the angle between the net force on 
the electron and the line labeled horizontal less than or 
more than 45°? 

5. Fig. 1.28 shows two charge particles on an axis. The 
charges are free to move. At one point, however, a third 
charged particle can be placed such that all three particles 
are in equilibrium. 

-@ — -@- 

- 3? +q 

Fig. 1.28 

a. Is that point to the left of the first two particles, to their 
right, or between them? 

b. Should the third particle be positively or negatively 
chained? 

c. Is the equilibrium stable or unstable? 

6 . In Fig. 1.29, a central particle of charge -q is surrounded 
by two circular rings of charged particles, of radii r and 
R , with R > r. What is the magnitude and direction of 
the net electrostatic force on the central particle due to 
the other particles? 



*4 - D -► 

o-o-o 

p e p 

(b) 

0 P 


Fig. 1.29 

7, Fig. 1.30showsfour$ituationsjnwhichparticlesofcharge 
+q or -q are fixed in place. In each, the particles on the 
x-axis are equidistant from the y-axis. The particle on y- 
axis experiences an electrostatics force F from each of 
these two particles, 

a. Are the magnitudes F of those forces the same or 
different? 

b. Is the magnitude of the net force on the particle on 
y-axis equal to, greater than, or less than 2FI 

c. Do the x components of the two forces add or can¬ 
cel? 


d. Do their y components add or cancel? 

e. Is the direction of the net force on the middle particle 
that of the canceling components or the adding com¬ 
ponents? 

f. What is the direction of that net force on the middle 
particle? 


ny 


+y 


O + q 


?-q 


-o --o— 

+ 9 +q 

(a) 


-o--o- x 

0 » 


t y 


A,y 


o + q 


- q 


+ q 

<c) 


-O—x 

-q 


-o— 


(d) 


-o-x 

-q 


Fig, UO 

8 . Force between two point electric charges kept at a distance 

* d y apart in air is F. If these charges are kept at the same 
distance in water, the force between the charges is F f . 
The ratio F l IF is equal to_ 

9. T\vo small balls each having charge q are suspended by 
two insulating threads of equal length L from a hook in an 
elevator. The elevator is freely falling. Calculate the angle 
between the two threads and tension in each thread. 


10. Suppose we have a large number of identical particles, 
very small in size. Any two of them at 10 cm separation 
repel with a force of 3 x 10 " 10 N. 

a. If one of them is at 10 cm from a group (of very small 
size) of n others, how strongly do you expect it to be 
repelled? 

b. Suppose you measure the repulsion and find it 6 x 
10 “ 6 N. How many particles were there in the group? 


ELECTRIC FIELD 

If we place a single charge q at some point in space, it will 
experience no force. But if some other charge (say Q) is placed 
near it, q will start experiencing a force given by 

F = ~ 

• - r - - . 

Q « 

Fig. 1.31 

Now, question arises, how does Q apply a force on q or how 
docs q know the presence of Q when there is no direct contaci 
between them. 

Basically, the force between two charges can be seen as a twc 
step process: 

1. Firstly, charge Q will create something around itself knowi 
as electric field. 
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2. Any other charge particle like q if placed at some point in 
that field will experience a force. 

Or we can say that charges interact with each other through 
electric field. 

So > we con define electric field as the space around a charge 
in which its influence can.be felt by any other charged particle. 



(a) Haw docs chnrgcd body^ (b) Remove body B ond label 

exert a force on charged body B? its former position as P. 



(c) Body A sets up an electric Held £ at point P. 
E is i he force per unit charge exerted. 

Fig. 1.32 


How to Measure Electric Field 

Strength of electric field at a point in space can be measured in 
two measureablc quantities: 

1. Electric field intensity denoted by E. It is a vector quantity. 

2. Electric field potential denoted by V. It is a scalar quantity. 

We will first discuss them separately and then wc will see 
what is the relation between them and how to obtain them from 
each other. 

Electric Field Intensity E 

How to find electric field intensity E at a point? 

General method: Electric field intensity, E, is a vector quantity. 
At a point in a given space it has both magnitude and direction. 
Let us calculate E at some point P created due to some charges 
around P. Bring another small charge q$ [test charge, generally 
positive] at point P. LeL this charge experiences a force F t then 
we define electric field intensity at P as force experienced per 
unit test charge (Fig. 1.33). 



Fig. 1.33 


- r 

E — lim —. The direction E will be same as that of F. 
j->o qo 

Note: Q. Why the magnitude of test charge is kept small? 
A ns. Because otherwise it may disturb the original charge 
distribution and (hen we will get electric field due to dis¬ 
turbed configuration and not original 
Q, What is the minimum possible value of qo? 

Ans. 1.6 x 10 “ 1S> C 


Unit of E : N/C (newton per coulomb) 

Force 

Dimensional formula of E: 


MLT- 


Charge ampere x time 


MLT~ 

AT 




Note: If a test charge experiences no force at a point, the 
electric field at that point must be zero . 

Electric field due to a point charge is illustrated in Fig. 1.34. 

(i) Positive point charge 


+ G P 

E = away from the charge 


Electric field due 
lo a point charge 
is spherically 
symmetric 


(ii) Negative point charge 


-Q E P 

E = T~- % towards the charge 

4ji£ 0 r 2 

Fig. 1.34 


A Point Charge in an Electric Field 

What happens if a point charge q is placed at any point in an elec¬ 
tric field which is produced by some other stationary charges. 
Let this electric field is E. Charge q will experience a force, let 
this force is £\ Then, value of electric field at that point must be 
F - 

E = — => F = qE. This is the force on q by E. 

<i 

Direction of F: The direction of F will be same as of E if q is 
+vc and opposite if q is — vc (Fig. 1.35). 





> 



* 


■* 


(a) Positive charge 0^ placed in an (b) Negative charge Rq P lacc d in an 
eleciric field: force on ^ is in electric field: force on % is in 

same direction as E. opposite direction as E . 


Fig. 135 


Note: q has no contribution in E. A charge particle is 
not affected due to its own field . // means a charge particle 
can experience force due to field produced by other charge 
particles, but not due to field produced by itself 

Electric Field Intensity due to a Point Charge in Position 
Vector Form 

Electric field at P due to charge Q: E = ——- 

4tzs 0 \r - ?ol 
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y 



Fig. 1.36 


If a charge q is placed ai P, then force on this charge by Q' 
F = qE 

- qQU'-h) 

=9 r = --- —r 

4t[£ 0 |r - rol 


Electric Field Intensity due to a Group of Charges 


Using the principle of superposition, net field at point P (see 
Fig. 1.37) 



Fig. 1.37 

fn terms of position vectors: 


£ — ^ O 7i (r ~ p) 

4;r£o 

nan mm Two point-Jike charges a and b whose 
strengths are equal In absolute value are positioned at a cer¬ 
tain distance from each other. Assuming the field strength is 
positive in the direction coinciding with the positive direc¬ 
tion of the r axis, determine the signs of the charges for each 
distribution of the field strength between charges shown in 
Figs. 1.38(a), (b), (c) and (d). 

Sol. 


a. As electric field tends away at a and towards at b , hence there 
should be -f charge at a and negative charge at b s he., q n is 
V and qb is \ 



b. The neutral point exists between a and b only when q Q and 
qb boih are of same sign. As direction of electric field is away 
from both* so both charges are positive, i.e., q a is V and q\, 
is V. 

Similarly, for (c) and (d) in Fig. 1.39: 

c. q a is and q\> is ‘+\ 

d. q a is and qb is ‘- J . 



Tw0 identical positive point charges q 
are placed on the axis at x = — a and x = -f a> as shown In 
Fig. 1.40. 

y 



Fig. 1.40 


1. Plot Ihe variation of E along the x-axis. 

2. Plot the variation of E along the y-axis 
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Sol. 

1. Variation of E along the x -axis: 1.41(a). 

2. Variation of E along the y-axis: 1.41(b) 



Fig. 1.41 


grnrararosfflm In Fig. 1.42, determine the point (other 

than infinity) at which the electric field is zero. 


*- 


H--1.00 m-W 

—©-O 

- 2.50 jaC 6.00 \jlC 


Fig. 1.42 

Sol. Electric field will be zero at a point closer to the charge 
smaller in magnitude. Let at P electric field is zero (see Fig. 
1.43). Then 


◄--—- [ m 

•- Q - 

P - 2.5 |iC 

. Fig. 1.43 


-N 

-© 

6.00 jiC 


Jfc(2.5 x 1(T 6 ) k(6 x L(T 6 ) 

* 2 " (1 + x) 2 


x — 1.82 m 


jllustr&iibiF 


Four charges are arranged as shown in 
Fig. 1.44. A point P is located at distance r from the centre 
of the configuration. Assuming r > > /, find 


1. the magnitude of the field at point P . 

2. the angle of its vector with jc- axis. 

Sol. Electric field due to charges placed on y-axis (Fig. 1.45(a)) 



y* 

Qq 


O- 

-q 


-O 

q 


p 

-0 —► 


-q® 

N-;-H 


Fig. 1.44 


Ey 4tt^ 0 


ql 




+ 


/2\ 3 / 2 4^-fio r 3 


1 ql . A 

— (as r » l ) 


Electric field due to charges placed on x-axis (Fig. 1.45(b)) 
1 q l q 


E x = Ei - E 4 = 


4jt s 0 

1 £ 

2ne t) r 3 


( /\ 2 47T£o / l 

H) K 



(b) 


Fig. 1.45 


(cl 


E nel = + E\ = V5 ■ 


ql 


^Tteor 3 

The angle £ncl makes with x-axis (Fig. 1.45(c)) 
t _l below x-axis. 

A uniform electric field E exists between 
two metal plates. The plate length is l and the separation of 
the plates is d . 


a = tan 1 f ) = tan 


1. An electron and a proton start from the negative plate 
and positive plate, respectively, and go to opposite plates. 
Which one of them wins this race? 
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2. An electron and a proton start moving parallel to the 
plates towards the other end from the midpoint of the 
separation of plates at one end of the plates. Which of the 
two will have greater deviation when they come out of the 
plates if they start with the 

a. same initial velocity, 

b. same initial kinetic energy, and 

c. same initial momentum. 


Sol. 

eE eE 1 2 

1. a e = —, a p — —; d — -at 

Me m D 2 



2md' t e 

——; So, we have — = 


Asm* < m p , therefore^ < Hence, electron will take 
less time, i.e,, the electron wins the race. 



Fig. 1.46 
l 

2. Time to cross the plates t = - 

u 

_ . . 1 2 1 eE //\ 2 

Deviation; y = -at = - ■— - 

^ 2 2 m \uj 

= Mji ( "A 2 

y P Me' \Ue) 

y r 4 , ye M p 

a. If Up “ u e , then — = — L . 

y p m e 

As m p > m*, therefore y e > y p . 

Hence, deviation of electron will be more. 


(0 



y* M p u 2 

b- From equation (i), — = - - 

yp m e u l 


— 1 (as given) 


Hence deviation of both electron and proton will be 
same. , . x 2 


c. From (i), — = 


M p Up 


m c 


Me 


As m e < m pt hence y e < y v . 

Hence, the deviation of proton will be more. 




A charge 10 9 coulomb is located at 
gin in free space and another charge Q at (2, 0, 0). If 
x -component of the electric field at (3,1,1) is zero, calcu 
the value of Q . Is the y-component zero at (3,1,1)? 

Sol. The electric field due to a point charge q\ at position , 
vector from is given by 

1 q 


Ei = 


4tt£o rf 


Here: r t =(3-0)i+(J - 0)j + (1 -0)* = 3i + y H- 
with r\ — yj{2> 2 H- l 2 -h l 2 ) = ATTm 

^2 — (3 — 2)? (1 — 0)y H- (1 -0 )k = i+j+k 

with r 2 = JO 2 + l 2 H- l 2 ) = V3 m 
So, 


E i = 
E 2 = 


1 10 


-9 


4ttso 0 D 3 ^ 2 

1 Q 


Hence, net field: 

-» -> 

E — E\ + Ei = 


4tt6o (3) 3/2 
1 


4n£o 


[3 / + y H- £] and 
i H- J + k] 


3 x 10 -9 Q 

liVTT + 3 ~7i) 1 

10- 9 + Q 


Vii/n is) Vnyn 2j?>) \ 



According to given problem: 

■\-9 


1 [3 x HT 9 Q 1 n 

E x — 0, i.e., -- - -\ -p = 0 

4 ne 0 l nVTT 3 -n^J 

r 31 3 ' 

so, e = - |^ytJ 


x 3 x 10 9 coulomb 


And for this value of Q 


\ 


E . = 

4^«o Liiyn 


KT 9 (3/11) 3/2 X 3 X 10“ 9 


3V3 


] 


1 2 x 1(T 9 

47TS0 Jl-v/TT 


^ 0, i.e., Ey is not zero. 


Lines of Force 

This idea was given by Michael Faraday. The lines of 
provide a nice idea to visualise the pattern of electric fie 
a given space. We assume that space around a charged bo 
filled with some lines known as electric lines of force. 1 
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lines of force are drawn in space in such a way that tangent to 
the line at any point gives the direction of electric field at that 
point. It has been found quite convenient to visualize the electric 
field in terms of lines of force. 



Fig. 1.49 


Properties of Electric Lines of Force 


• Electric lines of force start (or diverge out) from a positive 
charge and end (or converge) on a negative charge. 

• The tangent drawn at any point on the line of force gives 
the direction of force acting on a positive charge at that 
point (see Fig. 1.50). 

• In S.I. system of units, the number of electric lines of force 
originating or terminating on a charge of q coulomb is 

equal to —, i.e., ( — | electric lines are associated with 
\£o ) 

unit charge. 



* T\vo electric lines of force never cross each other, because 
if they do so then at the point of intersection, intensity will 
have two directions which is absurd. 

* Electric lines of force can never be closed loops, as a line 
can never start and end on the same charge. 

* The electric lines of force do not pass through a conductor 
as electric field inside a conductor is always zero. 

* Lines of force have a tendency to contract longitudinally 
like a stretched elastic string producing attraction between 
opposite charges and repel each other laterally resulting in 
repu Ision between similar charges and edge effect (curving 
of lines of force near the edges of a charged conductor). 

* Electric lines of force end or start normally on the surface 
of a conductor 

* Tangent to the line of force at a point in an electric field 
gives the direction of intensity or force or acceleration 
which a positive charge will experience there but not the 
direction of motion always, so a positive point charge free 
to move in an electric field may or may not follow the line 
of force. It will follow the line of force if it is a straight line 


(as direction of velocity and acceleration will be same) and 
will not follow the line if it is curved as the direction of 
motion will be different from that of acceleration and the 
particle will move neither in the direction of motion nor 
acceleration (line of force). 

The use of the electric lines of force is that we can compare 
the intensities at two points just by looking at the distribution of 
lines of force. Where the field lines are close together, E is large 
and where they are far apart , E is small 



Fig. LSI 


As an example in the figure electric lines of forces are shown. 
At point 2 the electric field intensity will be greater in compari¬ 
son to that at point L 


DIFFERENT PATTERNS OF ELECTRIC FIELD 
LINES 



Magnitude is Direction is Both magnitude and Both magnitude and 
not constant not constant direction not constant direction constant • 

00 





negative charge of equal 
magnitude (an electric dipole) 



W 


(d) Two equal positive charges. N (c) A is a positive charge and B a 
is the neutral point lying at negative charge of different 

the middle of the charges. magnitudes ( \q^\ < [tf ,|) 
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(0 Two positive charges of different magnitudes (q\ < q?) 

Fig. 1.52 


3. Far field: Far from the system of charges, the pattern should 

look like that of a single point charge of value (2 Q - Q) = 

H-Q, i.e., the lines should be radially outward. 

4. Null point orneutral point: There is one point at which E = 0. 
No lines should pass through this point. 

- Neutral point lies hear the position of charge of smaller 
magnitude. 

5. Number of lines: Twice as many lines leave +2Q as enter 
- 12 - 

Note: Excess lines from 2 Q charge will meet at infinity . 


Charges *f q and —2 q are fixed a distance 
d apart as shown in figure. 


Note: Neutral point (N)is the location where the net elec¬ 
tric field due to charges is zero . It lies near the charge of 
smaller magnitude . 



Fig. 1.53 


Edge effect 



+ field _ 


+ 



Parallel metal plates 
having dissimilar charges 



Fig. 1.54 shows the sketch of field lines 


for two point charges 2 Q and — Q . The pattern of field lines 
can be deduced by considering the following points: 




a ► 

V 



Fig. 1.55 


1. Sketch roughly the pattern of electric field lines, showing 
position of neutral point. 

2. Where should a charge particle q be placed so that it 
experiences no force? 

Sol. Let net force on q at P is zero, then 

kq 1 kq 2q d 

x 1 (d-\-x) 2 ^ X a/2 — f 



■d 


“2 q 

—► 


Fig. 1.56 



1. Symmetry: For £very point above the line joining the two 
charges, there is an equivalent point below it. Therefore, the 
pattern must be symmetrical about the line joining the two 
charges. 

2. Near field: Very close to a charge, its field predominates. 
Therefore, the lines are radial and spherically symmetric. 


FIELD OF RING CHARGE 

A ring-shaped conductor with radius a carries a total charge Q 
uniformly distributed around it. Let us calculate the electric field 
at a point P that lies on the axis of the ring at a distance x from 
its center. 
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y 



As shown in the figure, we imagine the ring divided into in¬ 
finitesimal segments each oflengthds. Each segment has charge 
dQ and acts as a point charge source of electric field. Let dE be 
the electric field from one such segment; the net electric field at 
P is then the sum of all contributions dE from all the segments 
that make up the ring. (This same technique works for any sit¬ 
uation in which charge is distributed along a line or a curve.) 
The calculation of E is greatly simplified because the field point 
P is on the symmetry axis of the ring. If we consider two ring 
segments at the top and bottom of the ring, we see that the con¬ 
tributions dE to the field at P from these segments have the 
same x-component but.opposite y-components. Hence, the total 
y-component of field due to this pair oF segments is zero. When 
we add up the contributions from all such pairs of segments, 
the total field E will have only a component along the ring's 
symmetry axis (the x-axis), with no component perpendicular 
to that axis (that is, no y-eomponent or z-component). So, the 
field at P is described completely by its x-component E x . 

To calculate E x note that the square of the distance r from a 
ring segment to the point P is r 2 = x 2 -f a 2 . Hence, the magni¬ 
tude of this segment's contribution to the electric field at P is 


dE = 


dQ 




x x 

Using cos or = - =- 

'• {x 2 +a 2 ) xn 


field along the x-axis is 
dE x = dEc osa ~ 


dQ 


, the component^/#* of this 
xdQ 


1 


4tt &o x 2 + a 2 -Jx 1 + a 2 4neo (x 2 + a 2 ) 


3/2 


• If we maximize equation (i), we can get the value of x m as 

Well as 2smax . 

For maximum value of E x \ 

x 

Q (x 2 + a 2 )V 2 


— I 1 

dx } 47T£o 



0r 2 + fl 2 ) 3 ' 2 .1 -xl.(x 2 +a 2 )' /2 .2x 
Cr 2 + a 2 ) 2 


(x 2 -\-a 2 ) - 3x 2 — 0 



and the maximum value of the electric field is 


~ 4^0(3X 2 ) 


y 



If we place a negative charge (of magni¬ 
tude —q and mass m) at the center of a charged ring and 
slightly displace it along the axis of ring and release. Exam¬ 
ine whether it will perform simple harmonic motion. If yes, 
then find the time period of oscillation of the particle. 

k qQx 

Force on charge F = —qE = - —z - 

H (a 2 + x 2 ) 2 ! 2 


To find the total x-component E x of the field at P, we integrate 
this expression over all segments of the ring; 

1 xdQ 

4;r£,) (j2 +a 2) 3/2 ' 

Since x does not vary as we move from point to point around 
the ring, all the factors on the right side except dQ are constant 
and can be taken outside the integral. The integral of dQ is just 
the total charge Q and we finally gel 

* I x Q * 

E = Exl = 4 jt £ 0 (x 2 + u 2 fr- ' (,) 

• Electric field is directed away from positively charged ring. 

• For x = 0, E — 0. This conclusion may be arrived at by 
the symmetry consideration. 

• At a large distance from the ring, the electric field will 
be zero. Hence, it should have certain maximum value 
between x = 0 and x = 00 (or x — -co). 





F _ —k qQx 
m m (a 2 -f x 2 W 2 


Hence, acceleration is opposite to displacement, so motion will 
be oscillatory. 

But a is not directly proportional to x tfo motion is not SHM. 

, f .V kq Qx 

If x << a, then a =-— 

ma J 

Here a ocx, so the motion will be SHM. Comparing with 
a = -a) 2 x 


We get o) 
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Two identical point charges having mag¬ 
nitude q each are placed as shown in the figure. 


\ q 


* H 
I 


Fig. 1.61 


1. Plot the variation of electric field on x-axis. 

2. Where will the magnitude of electric field be maximum 
on x-axis? Find the maximum value of electric field on 
x-axis. 

3. If we place a negative charge (of magnitude — q and mass 
m) at the mid point of charges and displaced along x - 
axis, examine whether it will perform simple harmonic 
motion. If yes, then find the time period of oscillation of 
the particle. 



2. Field at x = x\ E = 2 
q x 


1 


_4nso (a 2 + x 


-] C °S0 


E - 


2tT£o (a 2 + * 2 ) 3/2 


dE 


For E to be maximum, — = 0 
dx 

a q 

Solve to get x = ± — ^ £ mnx = 


V2 

3. Force on particle: F = — qE — 


3%/3 n 




-r 


2n£o (a 2 + X 2 ) 3 / 2 


For x « a , particle will execute SHM with time period 


T =2tt 



71 £o m (P 

q 1 


Positive electric charge Q is distributed uniformly along a 
line, lying along the y-axis. Let us find the electric field at point 
D on the x-axis at a distance >o from the origin. 

We divide the line charge into infinitesimal segments, each of 
which acts as a point charge; let the length of a typical segment, 
at height / be dl. If the charge is distributed uniformly with 
the linear charge density A, then the charge dQ in a segment of 
length dl is dQ = A dL At point Z), the differential electric field 
dE created by this element, 



d£ — 


dQ 


Xdl 


A dl 


(i) 


4 tt £ o y 2 4n£ 0 r 2 Ane^ se ° 2 ^ 

In triangle AOD\ OA = OD tan#, i.e., 

/ = rotan#; Differentiating this equation with respect to Q\ 
dl = ro sec 2 0 dQ 

Substituting the value of dl in equation (i); 

ATTBoro 

Field dE has components dE x , dE v given by 

Acos#^# Asin#^# 

dE x ~ — -and dE y = 


47T£ 0 ro 


An £or 0 


On integrating expression for dE x and dE y in limits 6 — — — 

to 6 — we obtain £ v and E y . Note that as the length of wire 

increases, the angle 0 increases; for a very long wire (infinitely 
long wire), it approaches tt/2. 

E x 


^ 2 Acos 9 dQ A 
_i /2 AnEQro 2n£ 0 r 0 


and 


A sin Q dQ 

Ey= f -j- =0 

-jr/2 An£ 0 r 0 


Thus, E = E a = 


27T£o r O 


Note: Using a symmetry argument , we could have guessed 
that E y would be zero; if we place a positive test charge at 
D } the upper half of the Vne of charge pushes downward 
on it y and the lower half pushes up with equal magnitude . 


• If the wire has finite length and the angle subtended by ends 
of wire at a point are Q\ and 0 2y the limits of integration 
would change. 

+^z 

E x 


-■=f 


A cos Q dQ 


~0\ 


47T£ 0 ''O 




An £(p'o 
1-^2 


(sin#i + sin Of) 




A sin# dQ 
Ansoro 
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4 71 £o r o 


(co s9\ — cos # 2 ) 



• If wc wish to determine field at the end of a long wire, we 
may substitute 0\ = 0 and — n/2 in the expressions for 


E x and E y . 


E x - 


47T£ Q ro 

X 


Ey 4^£o r O 


[sin(O) + sin = 

[c«<0)-«*(§)]- 


47T£o>'0 

X 




'0 




g _ ^ (Perpendicular away) 

y 0 


(Parallel away) 


Fig. 1.65 
—> 

Magnitude of resultant field E : 

_► |£ I 

£ makes an angle 0 with the x -axis, where tan 6 = —— = 1; 

l^jrl 

0 = 45° 


FIELD OF UNIFORMLY CHARGED DISK 

Let us find the electric field caused by a disk of radius R with a 
uniform positive surface charge density (charge per unit area) a , 
at a point along the axis of the di^k a distance x from its center. 



Fig. 1.66 

The situation is shown in Fig. 1.66. We can represent this 
charge distribution as a collection of concentric rings of charge. 


We already know how to find the field of a single ring on its axis 
of symmetry, so all we have to do is to add the contribution of 
all the rings. As shown in the figure, a typical ring has charge 
dQ, inner radius r and outer radius r + dr . Its area dA is ap¬ 
proximately equal to its width dr times its circumference 2jrr, 

dQ 

or dA = 2 nr dr. The charge per unit area is a = —-, so the 

dA 

charge of ring is = o {2nr dr),oxdQ = 27r<rr Jr. The field 
component dE x at point i? due to charge dQ of a ring ofradiusr 


dE x = 


1 (2nardr)x 
4*£o (x 2 + r 2 ) 3/2 


To find the total field due to all the rings, we integrate dE x 
over r. To include the whole disk, we must integrate from 0 to 
R (not from -R to R ): 

R R 

1 (2 nardr)x 




4jt£o (x 2 + r 2 ) 


3/2 


0 0 

Remember that x is a constant during the integration and that 
the integration variable is r. The integral can be evaluated by 
use of the substitution z = x 2 + r 2 . We will let you work out 
the details; the result is 


ax 


E x = — 


1 


2£q L V* 2 + R 2 


-i=— 

xj 2 sq 


1 - 
L / 


X r +W) 


(i) 


In this figure, the charge is assumed to be positive. At a point 
on the symmetry axis of a uniformly charged ring, the electric 
field due to the ring has no components perpendicular to the axis. 
Hence, at point P in the figure, dE y = dE z = 0 for each ring, 
and thus the total field has E y — E z = 0. 

Again, we can ask what happens if the charge distribution 
gets very large. Suppose we keep increasing the radius R of the 
disk, simultaneously adding charge so that the surface charge 
density or (charge per unit area) is constant. In the limit that R 
is much larger than the distance x of the field point from the 
disk (R » x), i.e., the situation becomes the electric field near 
infinite plane sheet of charge. 

From (i) 


E x = 

2£q 


1 - 


r w 

c v 1 + ^ J 


a 

2£q 


1 - 


1 


1 Rl 

1 H —2 
x 2 J 


As R » x 3 then the term 


And we get E x = — 
2sq 




Our final result does not contain the distance x from the plane. 
This is correct but rather surprising result. 

It means: 

* That the electric field produced by an infinite plane sheet 
of charge is independent of the distance from the sheet. 

• Thus, the field is uniform; its direction is everywhere per¬ 
pendicular to the sheet and away from it. 
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* Infinite plane sheet of charge is a hypothetical case. In real 
practice, there is no such infinite plane sheet of charge. 
Again, there is no such thing as an infinite sheet of charge, 
but if the dimensions of the sheet are much larger than the 
distance x of the observation point P from the sheet, the 
field is very nearly the same as for an infinite sheet. 


FIELD OF TWO OPPOSITELY 
CHARGED SHEETS 


Two infinite plane sheets are placed parallel to each other, sep¬ 
arated by a distance d (as shown in figure). The lower sheet has 
a uniform positive surface charge density a, and the upper sheet 
has a uniform negative surface charge density —o' with the same 
magnitude. Let us find the eleclric field between the two sheets, 
above the upper sheet and below the lower sheet. 


SUcci 2 - o 


Sheet l + or 


£,f |£, E = E, + E,= 0 


I £ .t t* 


£i 


£ - E { + 


f £] E= E, + £, = 0 


Fig. 1.67 


The situation described in this example in an idealization of 

two finite, oppositely charged sheets, like the plates shown in the 

figures. If the dimensions of the sheets are large in comparison to 

the separation d % then we can to good approximation consider the 

sheets to be infinite in extent. We know the field due to a single 

infinite plane sheet of charge. We can then find the total field by 

using the principle of superposition of eleclric fields. Let sheet 1 

be the lower sheet of positive charge, and let sheet 2 be the upper 

sheet of negative charge; the fields due to each sheet are E\ and 

E 2 , respectively, and bolh have the same magnitude at all points, 

a 

no matter how far from either sheet, i.e., E\ = = —. 

2£q 

At all points, the direction of E\ is away from the positive 
charge of sheet 1. and the direction of Ej is towards the negative 
r charge of sheet 2. These fields, as well as the a - - and y-axes, arc 
shown in figure. At points between the sheets, the fields at each 
other and at points above the upper sheet or below the lower 
sheet cancel each other. Thus, the total field is 


E = h + E 2 = 


0 


a - 



above the upper sheet 
between the sheets 
above the upper sheet 


Because wc considered the sheets to be infinite, our result 
docs not depend on the separation d . 

Symmetry plays very important role in problem solving. Elec¬ 
tric field is in the direction along the I ine which divides the charge 
distribution symmetrically. 


r distribution 

: dy 



Line divides the 
charge distribution 
symmetri catty 

= f dE cos# 



> d£ 

‘Line divides the 
charge distribution 
symmetrically 
"Charged ring 

£ nc t = /dE cos# 



Line divides 
_ tho charge 

dE distribution 

symmetrically 

* Semicircular 
charge 
distribution 

Erxci = f d£ COS 9 



Line divides the 
charge distribution 
symmetrically 

a/2 ^ a 

E .1. 

dE 


. A circular arc 
of charge 

E ncl = JdE cos 0 


Two point charges 

(Do.* 



Three point charges at the corner 

of an equilateral triangle 
E 

V* 


P E 

"T" . 

Line divides the 
charge distribution 
(2) O ^ symmetrically 

-H 

Here, | E\ | « | £2 | 

£nci = 2|£i|cos0 



—► Line divides the 
charge distribution 
symmetrically 

Here, electric field at P due to 
charges (1), (2) and (3) arc equal, 

i.e., | E\ | = |£ 2 I = I £3 I- 
Hence, E ncl = 3 | E \ | cos 0 


Four point charges at thecor- 
rter of a square 

Line divides the 
charge distribution 
symmetrically 


Charged disk 




Charged disk 


The electric field at point P 
due to charges (I), (2). (3) and 

(4). Iff, I « I £ 21 = I ff3l = 
I £41 

Hence nei clcciric field ai P 
I Ena I = 4 | £, | cos 6 
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Some Useful Results 



Concept Application Exercise 1.3 


1. A particle with positive charge Q is held fixed at the 
origin. A second particle with positive charge q is fired 
at the first particle* and follows the trajectory as shown in 
the figure. Is the angular momentum of second particle 
constant about some axis? Why or why not? Give reason 



2. Figure shows some of the electric field lines due to three 
point charges arranged along the vertical axis. All three 
charges have the same magnitude. 

a. What arc the signs of each of the three charges? Explain 
your reasoning. 

b. At what poim(s) is the magnitude of the electric field 
the smallest ? Explain your reasoning* Explain how 
the fields produced by each individual point charge 
combine to give a small net field at this point or points. 



3, Two point charges Q and AQ are fixed at a distance or 12 
cm from each other. Sketch lines of force and locate the 
neutral point, if any. 

4. Is an electric field of the type shown by the electric lines 
in the Fig. 1.70 below physically possible? 


Fig. 1.70 

5. Figure 1.7 j shows three electric field lines. What is the 
direction of the electrostatic force on a positive test charge 
placed at 

a. points A and B ‘? 

b. At which point* A or B, will the acceleration of the test 
charge be greater if the charge is released? 
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y 



6 - A thin metallic spherical shell contains a charge Q on it. 
A point charge <7 is placed at the center of the shell and an¬ 
other charge q\ is placed outside it as shown in figure. All 
the three charges are positive. Find the force on the charge 



a. at center due to all charges. 

b. at center due to shell. 

7. In Fig. 1.73, two panicles each of charge — q, are 
arranged symmetrically about the y-axis; each producing 
an electric field at point / 5 on y-axis. 

y 

up 


-q -q 

“O- ©—* 

n— d —►H— d —w 

Fig. 1.73 

a. Are the magnitude of the fields at P equal? 

b. Is each electric fi&d directed toward or away from the 
charge producing it? 

c. Is the magnitude of the net electric field at P equal to 
the sum of the magnitudes E of the two field vectors 
(is it equal to 2 E)? 

d. Do the x-components of those two field vectors add or 
cancel? 

e. Do their y-components add or cancel? 

f. Is the direction of the net field at P that of the canceling 
components or the adding components? 

g. What is the direction of the net field? 

8 . In Fig. 1.74(a), a plastic rod in the form of circular arc 
with charge +Q uniformly distributed on it produces an 
electric field of magnitude E at the center of curvature (at 
the origin). In figures (b), (c), and (d) more circular rods 
with identical uniform charges +Q are added until the 
circle is complete. A fifth arrangement (which would be 
labeled e) is like that in d except that the rod in the fourth 
quadrant has charge -Q. Rank all the five arrangements 
' according to t he magni tude of the electric field at the center 
of curvature, greatest first. 




Fig. 1.74 


9. Figure shows that E has the same value for all points 
in front of an infinitely charged sheet. Is this reason¬ 
able? One might think that the field should be stronger 
near the sheet because the charges are so much closer. 

T| - p - 


Fig. 1.75 

10. Figure shows the tracks of three charged particles in a 
uniform electrostatic field projected parallel to plate with 
same velocity. Give the signs of the three charges. Which 
of the three particles has the highest charge to mass ratio? 



11. Three small spheres x; y and z carry charges of equal 
magnitudes and with signs shown in figure. They are 
placed at the vertices of an isosceles triangle with the 
distance between x and y equal to the distance between 
x and z . Spheres y and z are held in place but sphere x is 
free to move on a frictionless surface. 


A 


V 

\ 


Y 

© 




Z 

© 


Fig. 1.77 




a. What is the direction of the electric force on sphere x 
atthe point shown in the figure? 

b. Which path is sphere X likely to take when released? 
12 , 7\vo identical positive charges are fixed on the y-axis, 

at equal distances from the origin O. A particle with a 
negative charge starts on the x-axis at a large distance 
from 0 % moves along the x-axis, passes through O and 
moves far away from 0 on the other side. Its acceleration 
a is taken as positive along its direction of motion. Plot 
the particle’s acceleration a against its x-coordinate. 
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13. Electric field is defined in terms of a small positive 
charge* If instead the definition were in terms of a small 
negative charge of the same magnitude, then compared to 
the original field, the newly defined electric field 

a. would point in the same direction and have the same 
magnitude* 

b. would point in the opposite direction and have the same 
magnitude. 

c. would point in the same direction and have a different 
magnitude. 

d. would point in the opposite direction and have a differ- 
ent magnitude. 

14. Three identical positive charges Q are arranged at the ver¬ 
tices of an equilateral triangle. The side of the triangle is 

a. Find the intensity of the field at the vertex of a regular 
tetrahedran of which the triangle is the base. 

15. Two point charges of +5 x 10 " 19 C and +20x 10 “ 19 C are 
separated by a distance of 2 m. The electric field intensity 

will be zero at a distance d = ._ from 5 x 10 " 19 C 

charge* 

16. An electron (mass m c ) falls through a distance l d J in a 
uniform electric field of magnitude E . 


+ + + + +- 



(a) <W 


Fig. 1.78 

,f The direction of the field is reversed keeping its magnitude 
unchanged and a proton (mass m p ) falls through the same 
. distance. Tf the times taken by electron and proton to fall 
the distance d is ‘/electron* and l t ?royon \ respectively, then 

. ' . /electron 

the ratio-=_ 

/proion 

17. Two charged metal plates in vacuum are 10 cm apart. A 
uniform electric field of intensity (45/16) x 10 1 NC" 1 is 
applied between the plates. An electron is released be¬ 
tween the plates from rest at a point just outside the neg¬ 
ative plate. Calculate 

a. how long (/) will electron take to reach the other plate? 

b. At what velocity (v) will it be going just before it hits 
the other plate? 

18. A polythene piece rubbed with wool is found to have a 
negative charge of 3.2x 10" 7 C* 

a. The number of electrons transferred is_ 

b. Is there a transfer of mass from wool to polythene? 

(Yes/No) _ 

19. TWo identical point charges l Q' are kept at a distance V 
from each other. A third point charge is placed on the 
line joining (he above two charges such that all the three 
charges are in equilibrium. The third charge 


a. should be of magnitude q-.~. 

b. should be of sign .,. 

c. should be placed ... 

20. If we introduce a large thin metal plate between two 
point charges, what will happen to the force between the 
charges? 

21. Two point electric charges of unknown magnitude and 
sign are placed a certain distance apart. The electric field 
intensity is zero at a point not between the charges but on 
the line joining them. Write two essential conditions for 
this to happen. 

22. A ball of charge q is placed in a hollow conducting un¬ 
charged sphere. After this, the sphere is connected with 
earth for a short time and the ball is then removed from 
the sphere. The ball has not been brought into contact with 
the sphere. 

a. What charge will the sphere have after these opera¬ 
tions? Where and how will this charge be distributed? 

b. What will be the electric field inside as well on outside 
of sphere? 

23. Two pieces of plastic, a full ring and a half ring, have the 
same radius and charge density. Which electric field at the 
center has the greater magnitude? 

Define your answer* 



24. A droplet of ink in an industrial ink-jet printer carries a 
charge of 1,6 x 10 " 10 C and is deflected onto paper by 
a force of 3.2 x 10 " 4 N. Find the strength of the electric 
field to produce this force. 

25. An electric dipole of length 4 cm, when placed with its 
axis making an angle of 60° with a uniform electric field 
experiences a torque of 4^/3 N m. Calculate the (a) mag¬ 
nitude of the electric field and (b) potential energy of the 
dipole, if the dipole has charges of ± 8 nC. 

26. An electric dipole consists of two opposite charges each 
,of 1 pC separated by 2 cm. The dipole is placed in an 
eternal uniform field of 10 s NC -1 intensity. Find 

a. maximum torque exerted by the field on the dipole and 

b. the work done in rotating the dipole through 180° starl¬ 
ing from the position $ = 0 °. 


ELECTRIC DIPOLE 

• An electric dipole is a system of two equal and opposite 
point charges separated by a very small and finite distance. 

• Fig. i .80 shows an electric dipole consisting of two equal 
and opposite point charges — q and +q separated by a small 
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distance 21. The strength of an electric dipole is measured 
by a vector quantity known as electric dipole moment. Its 
magnitude is equal to the product of the magnitude of either 
charge and the distance between the two charges. 

- Q _ + q 

>o —.o 

M -5- N 

Fig, 1,80 

p = n 21 

The direction of p is from negative charge to positive 
charge. 

• In S.I. system of units, p is measured in coulomb-metre. 


ELECTRIC FIELD DUE TO A DIPOLE 


Electric Field Intensity due to an Electric Dipole 
at a Point on the Axial Line 

« A line passing through the negative and positive charges 
of the electric dipole is called the axial line of the electric 
dipole. 


Y 

A 


Ex 

<— 


_ © 
e 7 b 
-rV o- 


Axial line 


/ 


-<D 

P A 

->-o- 

+ 4 


Pi 

P 


> X 


/ 


Fig, 1.81 


Suppose an electric dipoleAP is located in a medium of di¬ 
electric constant K (as shown in Fig. 1.81). Let the dipole 
consists of two point charges of —q and +q coulomb sepa¬ 
rated by a short distance 21 meter. Let P be an observation 
point on the axial line such that its distance from the mid 
point O of the electric dipole is r. We are interested to 
calculate the intensity of electric field at P. 

q 


Ex = 


4nB{)K (r — l) 2 

l q 


due to q at P 


{along the direction OX} 

l q 

and = a — f / . ,o due to -q at p 
4 7Z£ 0 K (r + l) 2 

{along the direction OB} 
The intensities E[ and E 2 are along the same line but in 
opposite directions. Since E\ > E 2y hence resultant inten¬ 
sity E at the point P will be equal to their differences and 
in the direction A P . Thus, 

\ q 1 q 


E = Ex - E ,■ = 


47te 0 K (r — l) 2 4 neoK (r + !) 2 


E = 


q 

' 4 Ir ' 

1 

" 2(2 ql)r " 

4jI£qK 

_(r 2 — l 2 ) 2 _ 

4tT£qK 

_(,- 2 _/ 2 ) 2 _ 


But 2ql = p =electric dipole moment; 
I 2 pr 


E = 


4tt€qK (r 2 — l 2 ) 2 


• If / is very small compared to r (l r), then l 2 can be 
neglected in comparison to r 2 . Then, the electric field in¬ 
tensity at the point P due to a short dipole is given by 

1 2pr _ 1 2 p 

4ji£qK r 4 4tt£oK r 3 


47T£o^ r 3 

• If dipole is placed in air or vacuum, then K = 1 and 

E = --l 

4tt£q r 3 

Note: The direction of electric field E is in the direction 
of p> rc.y parallel to the axis of dipole from the negative 
charge towards the positive charge . 

In vector form, we can write: 

e= 1 2p ^ = 1 

4jieo r 3 4 jt£q r 3 


Electric Field Intensity due to an Electric Dipole 
at a Point on the Equatorial Line 

An equatorial line of the electric dipole is a line perpendicular 
to the axial line and passing through a point mid way between 
charges. 


• Let us now suppose that the observation point P is situ¬ 
ated on the equatorial line of dipole such that its distance 
from mid-point O of the electric dipole is /* (as shown in 
Fig. 1.82). Let us assume again that the medium between 
the electric dipole and the observation point has dielectric 
constant K. 

• E\ =- , ^ . {along the direction PD} 

4jt£ 0 K (r 2 + 1 2 ) 1 5 5 

and Ei = -——— . ^ . {along the direction PC} 

4;r£o^ 0 + 1 ) 

The magnitude of E\ and E 2 are equal but directions are 
different. 

Net intensity: E = E\ cos & + £2 cos# 

[sine components cancel out] 

E =-r——— cos 0 H- t ——— cos # 

4iT£ 0 K (r 2 + 1 2 ) 4iT£ 0 K (r 2 + l 2 ) 


_ _J_ q 

4tzsoK (r 2 +1 2 ) 
But from the figure, 


x 2 cos# along PR 


OA _ OA _ l 
~~P~A~ (OP 2 + CM 2 )'/ 2 ~ (/• 2 + / 2 ) 1 ^ 2 
1 q 21 1 Iql 

4n £a K <> 2 + / 2 ) * (;- 2 + / 2 )'/ 2 “ 4n£ 0 K * Jr 1 + ?W 2 


But 2 ql = p — electric dipole moment 

E = 1 x _ P - _ 

4?r£o^ O' 2 + Z 2 ) 3 / 2 

• If l is very small as compared to r (/ « r), then l 2 can 
be neglected in comparison to r 2 . Then, the electric field 
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-qy | p 6 \ n 

\ i i 



Fig. 1.82 


intensity at the point P due to a short dipole is given by 

E = 1 P _ ] P_ 

4neoK (r 2 ) 3 / 2 47 T£oA' r 3 


• If dipole is placed in air or vacuum, then K = l and 


4;t£o r 3 

As direction of resultant electric field is along the negative x- 
axis, hence in vector form we can wriic 


E = 


1 

4tt£o 



P_ 

1-3 


Note:. The direction of electric field E is opposite to the 
direction of p, ie t> antiparallel to the axis of dipole from 
the positive charge towards the negative charge . 


ELECTRIC FIELD INTENSITY DUE TO A SHORT 
DIPOLE AT SOME GENERAL POINT 

• Let AB be a short electric dipole of dipole moment p (di¬ 
rected from B to A). We are interested to find the electric 
field at some general point P, The distance of observation 
point P w.r.l. mid point 0 of the dipole is r and the angle 
made by the line OP w.r.t. axis of dipole is 0 . 


• We know that dipole moment of a dipole is a vector quan¬ 
tity. It can be resolved into two rectangular components J>) 
and p 2 as shown in figure, so that p — p\ -f pi- 

The magnitude of p\ and pi are p\ = pco$0 and 
p 2 = p$ir\6. 

• It is clear from figure that point P lies on the axial line of 
dipole with moment p\. Hence, magnitude of the electric 
field intensity E\ at P due to p\ is 


Ei = 



(i) 


Similarly, P lies on the equatorial line of dipole with moment 
pi. Hence, magnitude of electric field intensity E 2 at P due to 

h is 

p sin 0 


£2 = 


l 


— {opposite to p 2 } 


(JO 


47TCQ 

Hence, resultant intensity at P is E = E\ + E 2 
Magnitude of E is: E = E] + E\) (as E\ and £2 are mu 
tually perpendicular)._ 

E ~ 


or 


If 2pcos 


4jTE 0 r 


i6_\ 2 / psing V 
'- 3 ) + \ 47 T £ o ^ 5 / 


= ———— V4cos 2 B + sin 2 # = —1 4 3 cos 2 # 


47T£o^ 


4jr^or 3 


• If the resultant field intensity vector E makes an angle 4> 
with the direction of E \, then 

Ei ( ps\n$/47T£ 0 r 3 ) 1 ‘ 

tan <b = — —--- 17 = - tan 9 

E 1 (2pco$6/47TE§r 3 ) 2 

Three charges —q s +2q and —q are ar¬ 
ranged on a line as shown in the Fig. 1.84. Calculate the field 
at a distance r > > a on the line. ^ _> 

SoL The field at point P is superposition of fields E \„ £ 2 . 
due to each charge. 

321 

1 -+ P 


-n + 2(7 




E\ — — 


£3 = - 


47TE 0 (r - a) 1 
<? 


-(/!-«)— 

Fig. 1.84 

7; E 2 = + 


2 -y 


4 TTSor 




4 neo(>- + a) 2 


- 1 ; Now 
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(r + ay- _ 


Q r 1 2 

E — Ei + £ 2 + £ 3 = -- —--rx + -T — 

A-jisq I (r - a) 2 r 2 

If r » a, we can use binomial approximation: 

(1 + a) n ^ 1 + na + — r - ——a 1 + - - * for a « 1 


E = 


Therefore, 
9 


Ansor 2 


+ 2 


|i 


—2(—2 — 1) / — 


1 — 2 - + 

r 2 


(?) 


Aneor 4 


The charge in this problem may be considered as two dipoles 
placed close together. Such an arrangement of charge is called 
an electric quadrupole, 

HSSEO What is the force on a dipole of dipole 
moment p placed as shown in the Fig. 1.85. 


— o~ 


+ q 






Fig. 1.85 

Sol. Force on any q by dipole: 

F = qEt ip 0 ie — ———-r downward 
K 4tT£q o? 

So from third law, force on dipole due to both charges 
4P 


= 2 F = 


iTt&bG? 


r upward 


, ’l. d E 
\F\-\p — 
dx 


dE 

where — is the gradient of the field in the x -direction. 
dx 

Find f° rce on a small electric dipole 

of dipole moment p due to a point charge Q placed at a 
distance r. 

+2 P 


Fig. 1.87 

Sol. Electric field of a point charge is a non-uniform electric 
field. Electric field at a distance x from the point charge is 

1 Q ^d£_ _1_20 

4ttsq x y 


E = 


4tTSq X 2 dx 
magnitude of force on the dipole: 


F = 


dE I 

P dx lx=r 


1 2 pQ 
4tt£o r 3 


Alternatively: Same can be calculated as force on the point 
charge due to dipole which is same as the force on dipole due 
to point charge (Newton's 3 rd law). The electric field of small 
dipole at a distance r is 

1 2 p 

E = ---. Hence, force on the point charge Q is 


F = 


4tt£o r 3 
1 2pQ 


4neo r 3 


DIPOLE IN A UNIFORM ELECTRIC FIELD 


Net Force on a Dipole in a Non-Uniform Field 

—> 

Suppose an electric dipole with dipole moment p is placed in 

r-> 

a non-uniform electric field E = Ei that points along x-axis 
(Fig. 1.86). Let E depends only on x. Thi electric field at the 
position of negative charge is E and at the position of positive 
charge (E A E). Net force acting on the dipole is then 



Torque: When a dipole is placed in a uniform field as shown in 
Fig. 1.88, the net force on it: Fr = ^qE -J- (— q)F^ — 0 



Fig. 1.88 

Hence, net force on a dipole is zero in a uniform electric field. 

While the torque r = qE x d sin 4> 

i.e., x — pE sirup {as p-qd} 

or r^pxE (by electric field) 

and t = £ x p (by us if the dipole is in equilibrium) 

From the expression, it is clear that couple acting on a dipole 
is maximum (= pE ) when dipole is perpendicular (<p = 90°) to 
the field and minimum (- 0) when dipole is parallel (<p = 0°) or 
antiparallel (<p = 180°) to the field. 

By applying a torque, electric field tends to align a dipole in 
its own direction. 














































Coulomb's Laws and Electric Field 1A 


An electric dipole consists of two charges 
of 0.1 pC separated by a distance of 2.0 cm. The dipole is 
placed in an external field of 10 s NC"?. What maximum 
torque does the field exert on the dipole? 

Sol. r = pE sin 9 = q x 2a x E sin 0. Max. value of r will be 
when sin 0 = 1 

r max = 1CT 7 x 2 x 10 -2 x 10 5 x 1 = 2 x J0“ 4 N-m 

-Concept Application Exercise 1.4- 


1. State the following statements as true / false: 

a. An electric dipole is kept in a uniform electric field at 
some angle with it. It experiences a force but no torque. 

b. An electric dipole may experience a net force when it 
is placed in a non-uniform electric field. 

c. An electric dipole is kept in a non-uniform electric field. 
It can experience a force and a torque. 

2. Electric intensity due to an electric dipole varies with dis¬ 
tance as E oc where n is_ 

3. An electric dipole of moment p is placed at the origin 

along the x-axis* The electric field E at a point P, whose 
position vector makes an angle 0 with the x-axis, will 
make an angle with x-axis is_ 



4. Two point charges of 1 jliC and -1 juC are separated by a 
distance of 100 A. A point P is at a distance of 10 cm 
from the mid point and on the perpendicular bisector of 
the line joining the two charges* Find the electric field at 
P. 

5. An electric dipole consists of two opposite charges of mag¬ 
nitude 2 x 10" 6 C each and separated by a distance of 3 
cm. It is placed in an electric field of 2 x 10 5 NC“ ^. De¬ 
termine the maximum torque on the dipole. 

6. Three charges are arranged on the vertices of an equi¬ 
lateral triangle as shown in Fig. 1.90. Find the dipole 
moment of the combination. 

A 

/ \' 

/ 

+ 2q - L-L — ^_ q 

Fig. 1.90 

7. The electric field at A due to dipole p is perpendicular to 

p. the angle 8 is_ 



Fig. 1.91 

8. A dipole lies on the x-axis, with the positive charge +q at 

d d 

x — -f- and the negative charge at Find the electric 

flu x(j>E through th eyz plane midway between the charges. 

9. An electric dipole is formed by two particles fixed at the 
end of a light rod of length /. The mass of each particle is 
m and the.charges are — q and +q. The system is placed 
in such a way that the dipole axis is parallel to a uniform 
electric field E that exists in region. The dipole is slightly 
rotated about its center and released* Show that for small 
angular displacement motion is SHM. Evaluate its time 
period. 

-► E 



\ + 4 

-► 

Fig. 1.92 


10. A dipole consists of two particles carrying charges +2 and 
— 2pC and masses 1 and 2 kg, respectively, separated by 
a distance of 6 m. It is placed in a uniform electric field of 
8x 10 4 Vm _l . For small oscillations about its equilibrium 
position, find the angular frequency. 

11. A small electric dipole of dipole moment P is placed 

near a point charge +Q as shown. Then, the net force on 
the dipole is towards_ 

U 


L 


p. 


R 


D 

Fig. 1.93 




Solved Examples 


A uniformly charged wire with lineai 


charge density X is laid in the form of a semicircle of ra 
dins R. Find the electric field generated by the semicircle ai 
the center. 


Sol. We consider a differential element dl on the ring, that sub¬ 
tends an angle dQ at the center of the ring, 


dl = R d8. Charge on this element -dQ- XRdO . 

This dement creates a field dE which makes an angle 8 ai 
the center as shown in Fig* 1.94. For each differential elemeni 
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in the upper half of the ring, there corresponds a symmetri¬ 
cally placed charge element in the lower half plane. The y- 
components of field due to these symmetric elements cancel^ 
out and ,v-components remain. 


d E x — dEcosO — 


dQ 

Atts^R 2 


cos 0 = 


\(R dQ)co$6 
4tt£ 0 R 2 


On integrating the expression forr/£ Vl w.r.t. angle 0, in limits 
8 = —tt/2 to 8 = +tt/ 2, we obtain 
+x/i 

XR X 

cos 0 d8 = 


/ 

-*n 


AttsoR- 


2jt£ 0 R 


In terms of total charge, say Q , on the ring, X 

e " £= S&5' 


e , 

— and we 
irR 


If we consider the wire in the form of an arc as shown in the 
figure, the symmetry consideration is not useful in canceling out 
x -and y-components of the fields, if 8\ and Or are different. We 
will integrate clE x as well asr/Ziy in limits 9 = -9\ to$ — +$ 2 - 



Fig. 1.95 


■ I— r/^i 

f A, 

J 4jrt' ( 


K X 

—-r cos $ (19 — - (sinfli + sin B->) 

4nt{)H 2 4 ne a R 




■t-ii, 

f 

-0l 


XR rv ( X 

S)6 0 d0 = -r(cos 02 — cos 0 |) 


4tt£()R 2 a 


Atts^R 


For a symmetrical arc, 0j = 02. Thus, E? vanishes and 
a sin0 

Ex 2 tt<%R 


^ long w ^ re a uniform charge density 
a is ber^t in two configurations shown in figure (a) and (b). 
Determine the electric field intensity at point 0. 


Sol. Consideration of Fig. 1.96(a) 
Field due to segment (I)* 


E , 





Field due to segment (2): 


El ( 4 x£or) * + ( 4 ^^^) ^ 

Field due to quarter shape wire segment (3): 

M4^ + Gsb) J 


j 

u. 


E x = 



-*■ E y = 


4 mjl 


£ v y E r = 


-4nejt J 


Segment (1) 


Segment (2) 



Fig. 1.97 

Resultant field is superposition of fields due to each part- 

E - E\ + E 2 + Ei (i) 

Substituting the values of E\, Ei and £3 in (i). 


^ ( 47 ^ 0 /?)' + Gjrsotf)^ 



Segment (1) 


► Segment 2 


Fig/1.98 
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E I = 


Here. E x = E v = 



“11/2 


V2A 

4jI£qR 


4tt£()R 

make an angle of 45 c with the axis, 
b. Field due lo segment l, 

X 


. Hence, the resultant field will 




= - 

£i = 


—-/ 

4tt£()R 

X A 
J 


4tT£oR 
t^R 6 - ;i 


Field due lo segment 2, E v - 2 = - 


4 tteoR 

Ey2 = - 7 ~ ~ J 


E->-- 


X 

4 7T£ 0 R 


V + j 1 


p' ^ J) 

Segment (2) 

Fig. 1.99 

Field due lo segment 3, = 0, 

X 



E,,= 


27T£<yR ‘ 


£3 = 


:7 


2tt£o^ 

From principle of superposition of electric fields, 

E = £1 4 £2 4 £3 = . — (7 "71” x „ (7 4- j ) 


4jrsotf 

X 
4 


4jr£o^ 


2tt£qR 


7=o 


Hcncc, net field is zero. 


A particle having charge that of an elec¬ 
tron and mass 1.6 x lO -30 kg i$ projected with an initial 
speed it at an angle 45° to the horizontal from the lower plate 
of a parallel plate capacitor as shown in figured The plates 
are sufficiently long and have separation 2 cm. Find the max¬ 
imum value of velocity of particle for it not to hit the upper 
plate. Take electric field between the plates = 10 3 Vm" 1 di¬ 
rected upward. 

Sol. Resolving the vclochy of particle parallel and perpendicular 
lo the plaic. . u { u 

u jf = it cos 45° =» -—= and it j. — u sin 45° = —p 
V2 v 2 

Force on the charged particle in downward direction normal 
lo the plate = e E 



. eE 

Acceleration a — —, where m is the mass of charged 
m. 

panicle. 

The particle will not hit the upper plate, if the velocity com¬ 
ponent normal to plate becomes zero before reaching it, i.e., 

0 = u]_ — lay with y < d> where d is the distance between 
the plates. 

. Maximum velocity for the particle not lo hit the upper plate, 
(for this y ~ d — 2 cm) 

2 x 1.6 x ICT 19 x 10 3 x 2 x I0“ 2 


it 1 = sf^ay ” 

- 2 x 10 6 ms 


1.6 x IO - 30 


-] 


H mn „ = w x /cos45° = 2 V 2 x 10 6 ms 1 

A particle of mass m and charge q is re¬ 
leased at rest in a uniform field of magnitude E, The uniform 
field is created between two parallel platesof charge densities 
-Ptr and —o> respectively. The particle accelerates towards 
the other plate a distance d away. Determine the speed at 
which it strikes the opposite plate. 


y 

A 


+<T t 

h 

- ai r 




- 

Origin 


-►X 


Fig. U01 

Sol._7he applied electric field is E = -£oJ 

—» —> A 

The force experienced by (he charge q s F = q E = — qE$j 
The force is constant, and so the acceleration is constant as 
well 

■ : -> _ J _ q Ea¬ 
rn m ^ 

Due to constant acceleration, the particle moves in -ve y- 
dirccdon; the problem is analogous to motion of a mass released 
from rest in a gravitational field. 

From equations of motion, 


- qEo 

Vy = U )Tl 4 Oyl — 0 — - i 

1 


0) 

<ii) 


And y = yp.£»o / + ^a y l 2 ; 0 - d + 0 - ^ -^r 
,y ,■■■ - 2 j 2 m 

Particle starts m y 0 — d and impact occurs at y = 0 

-v /2 dm} 1 * 1 

From equation (n), / = I \ 

• Fram^ion (i), * .(™!L)= _ /W 

m \£jEq J V m 

T^ vo halls of charges and q 2 initially 

have a velocity of the same magnitude and direction. After 
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a uniform electric field has been applied for a certain time 
interval, the direction of first ball changes by 60° and the ve¬ 
locity magnitude is reduced by half. The direction of velocity 
of the second ball changes thereby 90°. In what ratio will the 
velocity of the second ball change? Determine the magnitude 
of the charge-to-mass ratio of the second ball if it is equal 
to for the first ball. Ignore the electrostatic interaction 
between the balls. 




<72 
m 2 

Initial condilion 


Fig. 1.102 


V 



Final condition 


Sol. Let the electric field on each ball be given by 


E = E x i Ey j 

From impulse-momentum equation, we have 
Impulse = Change in momentum 

Let the final velocities of the balls be v\ and u 2 . Nothing that 
U| = u/2, we have 

q\(E x i + E y j)At —m\ ^ cos 60°r + ^ sin 60°y^ — m\vi (i) 

42 (E x l+Eyj)At =m 2 (u 2 cos 90°/ + u 2 sin 90°)') — m 2 vl (ii) 

On comparing the x- and y-components on both sides of equa¬ 
tion (i), we get 

Q\ 3 Q\ 73 

— E x At = — - v and — E y At — — v (iii) 

m i 4 mi 4 

Similarly, for equation (ii), we get 

— E* At = — u and —E y At = u 2 (iv) 
m 2 m 2 


From equations (iii) and (iv), by dividing the equations ex¬ 
pression for jf-components, we get 


or 


Also, 


gi/'”i = 

qi/mi 

_ Iii 

m 2 3 m i 
q\/m\ _ 73 v 
q'lfm'i 4u 2 


3 

4 



73 v 
4u 2 



(v) 


V 



A rigid insulated wire frame, in the form 
of right triangle ABC is set in a vertical plane. Two beads 
of equal masses m each carrying charges q\ and q 2 are con¬ 
nected by a chord of length / and can slide without friction 
on the wires. Considering the case when the beads are sta¬ 
tionary. determine (IIT-JEE, 1978) 


1. the angle a. 

2. the tension in the chord, and 

3. the normal reactions on the beads if the chord is not cut. 
What are the values of the charges for which the beads 
continue to remain stationary? 


Sol. Because of equilibrium of charge q\ 
N\ — mg sin 60° + (T — F) sin ot ... 



and (T — F) cos or = mg cos 60° 



Fig. 1.104 

Because of equilibrium of charge q 2 
(T — F) sin a = mg cos 30° 

From (i) and (iii), N\ = mg sin 60° -f mg cos 30° 

- F) si nor 


mg sin 30°^ 
(T- F) cos a 



wig cos 30° 


Fig. 1.105 

w v's\ - 

N t = mg I 1 = v 3 mg 


From (ii) and (iv), 


(i) 


(») 


(iii) 

(iv) 


N 2 = mg cos 60° + mg sin 30° — mg ^ = mg 


Also, F = k 


<72 


Now, from equations (il) and (iii), we get 
(T - F) 1 cos 2 a + (T — F) 2 sin 2 or = m 2 g 2 cos 2 60° 

-f m 2 g 2 cos 2 30° 

=» (T - f) ! = m V [ j + j] = 

=> T - F = ±mg 


:«V 


(V) 

(vi) 

[Taking positive sign] 


=> T = mg + F = mg -f k- 

From (ii) and (v), 

mg cos o: = mg cos 60° =» cos a — cos 60° 

When the string is cut, 7 = 0 

Q\Qi mel 2 

■/From (vi), mg = ± k-^ =4> q ] q 2 = 
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EXERCISES 


Subjective Type 


Solutions on page 1.45 


1. Calculate the number of electrons in a small, electrically neu¬ 
tral silver pin that has a mass of 10.0 g. Silver has 47 electrons 
per atom, and its molar mass is 107.87 gmol“L 

2. A charged panicle of radius 5 x ]0“ 7 m is located in a horizon¬ 
tal electric field of intensity 6.28 x 10 5 The surround¬ 
ing medium has coefficient of viscosity rj = 1.6 x 10 5 NsitT 2 . 
The particle starts moving under the effect of electric field 
and finally attains a uniform horizontal speed of 0.02 ms -1 . 
Find the number of electrons on it. Assumegravity free space. 

3. Suppose that LOO g of hydrogen is separated into electrons 
and protons. Suppose also that the protons are placed at the 
Earth’s north pole and the electrons are placed at the south 
pole. What is the resulting compression force on the Earth? 
(Given: Radius of earth is 6400 km). 

4. Two identical conducting small spheres are placed with their 
centers 0.300 m apart. One is given a charge of 12.0 nC and 
the other a charge of -18.0 nC 

a. Find the electric force exerted by one sphere on (he other? 

b. Tf the spheres are connected by a conducting wire, find 
the electric force between the two after they have come 
to equilibrium. 

5. Four equal point charges each of magnitude +Q are to be 
placed in equilibrium at the comers of a square. What should 
be the magnitude and sign of the point charge that should be 
placed at the cemer of square to do this job? 

6. Two point electric charges of values q and 2 q are kept at 
a distance d apart from each other in air. A third charge Q 
is to be kept along the same line in such a way that the net 
force acting on q and 2 q is zero. Find the location of the 
third charge from charge ‘q\ 

7. Two fixed point charges +4e and +e unit are separated by a 
distance *zr\ Where the third point charge should be placed 
from -\-4e charge for it to be in equilibrium. 

8 . Two identical particles are charged and held at a distance of 
l m from each other. They are found to be attracting each 
other with a force of 0.027 N. Now, they are connected by a 
conducting wire, so that charge flows between them. When 
the charge flow stops, they are found to be repelling each 
other with a force of 0.009 N. Find the initial charge on each 
particle. 

9. TWo similarly and equally charged identical metal spheres 
A and B repel each other with a force of 2 x 10 -5 N. A 
third identical uncharged sphere C is touched with A and 
then placed at the mid-point between A and B. Find the net 
electric force on C. 

10. Three point charges of +2 pC, —3 pC and —3 pC are kept at 
the vertices A , B and C respectively, of an equilateral triangle 
of side 20 cm as shown in the figure. What should be the sign 
and magnitude of the charge (q) to be placed at the mid point 
(M) of side BC so that the charge at A remains in equilibrium? 


AO + 2 gC 


O 

B 

-3pC- 




20 m 


O 

C 

> - 3 jaC 


Fig. 1.106 


11. TWo small beads having positive charges 3 q and q are fixed 
at the opposite ends of a horizontal, insulating rod, extending 
from the origin to the point x = d. As shown in figure,' a 
third small charged bead is free to slide on the rod. At what 
position is the third bead in equilibrium? Can it be in stable 
equilibrium? 


+ 2q + q 

0=c^0 

H- d -H 

Fig. 1.107 

.12. A copper atom consists of copper nucleus surrounded by 
29 electrons. The atomic weight of copper is 63.5 gmol” 1 . 
Let us now take two pieces of copper each weighing 10 g. 
Let us consider one electron from one piece is transferred to 
another for every 1000 atoms in a piece. 

a. Find the magnitude of charge appearing on each piece. 

b. What will be the Coulomb force between the two pieces 
after the transfer of electrons if they are 10 cm apart? 

[Avogadro’s number = 6x 10 23 mol -1 ] 

13. A flat square sheet of charge of side 50 cm carries a uniform 
surface charge density. An electron 0.5 cm from a point near 
the center of the sheet experiences a force of 1.8 x 10“ 12 N 
directed away from the sheet. Determine the total charge on 
the sheet. 

14. Particle of mass 9xl0 _:tl kg and a negative charge of 
1.6xl0“ 19 C is projected horizontally with a velocity of 
10 6 ms -1 into a region between two infinite horizontal 
parallel plates of metal. The distance between the plates is d 
= 0.3 cm and the particle enters 0.1cm below the top plate. 
The lop and bottom plates are connected, respectively, to the 
positive and negative terminals of a 30 V battery. Find the 
components of the velocity of the particle just before it hits 
one of the plates. 



Fig. 1.108 
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15. A solid spherical region having a spherical cavity whose di¬ 
ameteris equal to the radius of the spherical region, has a 
total charge 1 Q \ Find the electric field at a point P as shown. 



16. A sphere of radius R has a uniform volume density p . A 
» spherical cavity of radius b whose center lies at r = a is 
removed from the sphere. 

a. Find the electric field at any point inside the spherical 
cavity. 

b. Find the electric field outside the cavity. 



17. A very long, solid insulating cylinder with radius R has a 
cylindrical hole with radius a bored along its entire length. 
The axis of the hole is a distance b from the axis of the 
cylinder, where a < b < R (as shown in figure). The solid 
material of the cylinder has a uniform volume charge density 
p. Find the magnitude and direction of the electric field inside 
the hole, and show that this is uniform over the entire hole. 



Fig. 1.111 

18. Point charges q and — q are located at the vertices of a 
square with diagonals 21 as shown in figure. Evaluate the 
magnitude of the electric field strength at a point located 
symmetrically with respect to the vertices of the square at a 
distance x from the center/ 

+ q +q 

A0 . - g D 

< ^ s I 


\ /■ 
V / 



I y N 1 

b o'-.^6 c 

-q -q 

Fig. 1.112 

19. Two mutually perpendicular long straight conductors carry¬ 
ing uniformly distributed charges of linear charge densities 


k\ and A 2 are positioned at a distance a from each other. 
How does the interaction between the rods depend on al 


a 



Fig. 1.113 


20. A ring of radius 0.1 m is made out of a thin metallic wire of 
area of cross section 10^ 6 m 2 . The ring has a uniform charge 
of 7i coulombs. Find the change in the radius of the ring 
when a charge of 10 -8 coulomb is placed at the center of the 
ring. Young’s modulus of the metal is 2 x 10 M Nm“ 2 . 

21. A charged cork ball of mass m is suspended on a light string 
in the presence of a uniform electric field as shown in figure. 
When E = (Al 4- B j)NC~\ where A and B are positive 
numbers, the ball is in equilibrium at the angle 0 . Find a. the 
charge on the ball and b. the tension in the string. 



22. A ring of radius R has charge -Q distributed uniformly over 
it. Calculate the charge that should be placed at the center of 
the ring such that the electric field becomes zero at a point 
on the axis of the ring distant ‘/?’ from the center of the ring. 

23. Two identical small equally charged conducting balls are 
suspended from long threads secured at one point. The 
charges and masses of the balls arc such that they are in 
equilibrium when the distance between them is a (the length 
of thread L » a). One of the balls is then discharged. 
What will be the distance b ( b « l) between the balls when 
equilibrium is restored? 

24. Two point charges Q a and Q b are positioned at points A and 
B. The field strength to the right of charge Q h on the line 
that passes through the two charges varies according to a law 
that is represented schematically in the figure accompanying 
the problem (without employing a definite scale). The field 
strength is assumed to be positive if its direction coincides 
with the positive direction of x-axis. The distance between 
the charges is / = 21 cm (Fig. 1.115). Find 

a. the signs of the charges. 

b. the ratio of the absolute values of charges Q a and Q b . 

c. the coordinate x of the point where the field strength is 
maximum. 

25. Two semicircular wires ABC and ADC each of radius t R y 
are lying on x-y and x-z plane, respectively, as shown in the 
Fig. 1.116. If the linear charge density of the semicircular 
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parts and siraighi parls is k> find the electric field intensity 
E at the origin. 


Y- 



26. An infinite wire having linear change density k is arranged 
as shown in the Fig. U 17. A charge particle of mass rn and 
charge# is released from point P. Find the initial acceleration 
of the panicle (at / = 0) just after the particle is released. 



Fig. 1.117 


27. Three small balls, each of mass m are suspended separately 
from a common point by three silk threads, each of length /.. 
The balls arc identically charged and hang at the corners of an 
equilateral triangle of side x> What is the charge on each ball? 

28. Two similar balls, each of mass m and charge q , are hung 
from a common point by two silk threads, each of length / 
(Fig. 1. J18). Prove thai separation between the balls is 

r / i ' /3 

x = - . if & is small. 

(_27r£o"‘£ J 

(iq 

Find the rate — wilh which the charge should leak off 
dt 

each sphere iftheir velocity of approach varies as v = a/^/lc, 
where a is a constant. 

29. Three equal negative charges, -q x each, form the verlices of 
an equilateral triangle. A panicle of mass m and a positive 



charge q% is constrained lo move along a line perpendicular 
lo ihe plane of triangle and through its cenler which is al a 
distance ;■ from each of the negalive charges as shown in 
figure. The whole .system is kept in gravity free space. 


- rt i 



Fig. 1.119 

Find the lime period of vibration of the panicle for 
small displacement from equilibrium position. 

30. A ball of radius R carries a-positive charge whose volume 
densiiy at a poini is given as p = po(l - r/R), where pn is 
n constant and /* is ihe distance of ihe point from the cenler. 
Assuming ihe permiuiviiics of ihe ball and ihe environment 
lo be equal lo unity, find 

a. ihe magnitude of the electric field strength as a funciion 
of ihe distance r both inside and outside Ihe ball 

b. the maximum intensity £ ]Tm and Ihe corresponding 
distance r m . 

31. The Fig. 1.120 shows iwo dipole momenis parallel to each 
other and placed at a distance a apavi. Whal is the magniludc 
of force of interaction? What is the nature of force, attractive 
or repulsive? 







/>; 


-v- M 


Fig. 1.120 

32. Two dipoles p\ and p ? are placed along the same axis at a 
distance a apart, as shown in Fig. 1-121- Whal is magniludc 
of force of imeraciion ? What is the nature of force, ailraciivc 
or repulsive? 

P\ n 

K---A--H 

Fig. 1.121 

33. A short dipole is placed along a- axis al .v ~ a (Fig. 1.122). 

a. Find ihe force acting on the dipole due to a point charge 
q placed al origin. 

b. Find the force on dipole iT the dipole is related by I8(V 
about z-axis. 
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y 



Pig. 1.122 


c. Find the force on dipole if the dipole is rotated by 90° anti¬ 
clockwise about z- axis, Le., it becomes parallel to y-axis. 


Objective Type 


Solutions on page LSI 


1. If a body is charged by rubbing it. its weight 

a. always decreases slightly 

b. always increases slightly 

c. may increase slightly or may decrease slightly 

d. remains precisely the same 

2 . In S.I. system, the value of sq 

a. 1 C 2 N _l m “ 2 


b. 9x 10 9 C 2 N _l irT 2 
--C 2 N-'rr >- 2 


c. 


d. 


9 x 10 9 
1 


C 2 N 'm 2 


4tt x 9 x 10 9 
3. Dimensions of are 


a. A/“ , L“ 3 T 4 A 2 b. M 0 L“ 3 7 3 A 3 


c. M-'L~ 2 T*A 


d. M- { L-*TA 2 


4. The dimensional formula of electric intensity is 
a. MIX " 2 A ' 1 b. MLT- 3 A”' 

c. ML 2 T“ 3 A-' d. ML 2 T“ 3 A " 2 


5. The dielectric constant K of an insulator can be 
a. -1 b. 0 c. 0-5 d. 5 


6 . Choose the correct statement; 

a. The total charge of the universe is constant. 

b. The total number of the charged particles is constant, 

c. The total positive charge of the universe remains con¬ 
stant. 

d. The total negative charge of the universe remains con¬ 
stant. 

7. Two neutrons are placed at some distance apart from each 
other. They will 

a. attract each other 

b. repel each other 

. c. neither attract nor repel each other 
d. cannot say 

8 . When a soap bubble is charged,.its size 

a. increases 

b. decreases 

c. remains the same 

d. increases if it is given positive charge and decreases 
if it is given negative charge 


9. Two point charges certain distance apart in air repel each 
other with a force F. A glass plate is introduced between 
the charges. The force becomes F \, where . 
a. F\ < F b. F\ = F 

c, F\ > F d. data is insufficient 

10. There are two charges + 1 pC and + 5 pC. The ratio of the 
forces (force on one due to other) acting on them will be 
a. I ; l b. 1 ; 2 c. 1 : 3 d. 1 : 4 


11. Two point charges Q\ and Q 2 are 3 m apart, and their sum 
of charges is 10 pC. If force of attraction between them is 
0.075 N, then the values of Q\ and Q 2 respectively, are 
a. 5 pC, 5 pC b. 15 pC, -5 pC 


c* 5 pC, 15 pC d. -15 pC, 5 pC 

12* A certain charge l Q' is to be divided into two parts q 
and Q - q. What is the relationship of l Q' to l q' if the 
two parts, placed at a given distance V apart are to have 
maximum Coulomb repulsion? 

Q 


2Q 


b. a = 


q = j 


c ‘ q = ~ 


d. a = 


Q 


q = 7 


13. Three charged panicles are placed on a straight line as 
shown in figure. <71 and q 2 are fixed but q 3 can be moved. 
Under the action of the forces from q\ and q 2i qy is in 
equilibrium. What is the relation between q\ and q 2 i i 


O 

4i 


a. q\ = 4 <72 
c. q\ =-4<y 2 


*-O-2-o 

<72 93 

Fig. 1.123 

b. q\ - -q 2 
d. q x = q 2 


14. Two particles A and B (B is right of A) having charges 8 x 
10 " 6 Cand-2 x 10 “ 6 C, respectively, are held fixed with 
separation of 20 cm. Where should a third charged particle 
be placed so that it does not experience a net electric force, 
a. 5 cm right of B b. 5 cm left of A 

c. 20 cm left of A d. 20 cm right of B 


15. Five balls numbered 1, 2, 3, 4, 5 are suspended using 
separate threads. The l^alls (1,2), ( 2 , 4) and (4, 1 ) show 
electrostatic attraction, while balls (2, 3) and (4, 5) show 
repulsion. Therefore, ball 1 must be 

a. negatively charged b. positively charge 

c. neutral d. made of metal 

16. Electric charges A and Ayepel each other. Electric charges 
B and C also repel other. If A and C are held close together, 
they will 

a. attract b. repel 

c, not affect each other d. none of these 


17. Two point charges repel each other wjith a force of 100 N. 
One of the charges is increased by 10% and the other is 
reduced by 10%. The new force of repulsion at the same 
distance would be 

a. 100 N b. 21 N 

c. 99 N d. none of these 
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18. Three charges +Q !p +Q 2 and q are placed on a straight 
line such that q is somewhere in between +Q\ and + 02 - 
If this system of charges is in equilibrium, what should be 
(he magnitude and sign of charge 4 ? 

Q\ Qi 


a. 


b. 


c. 


d. 


{V2T + sfQj) 1 

Q \ + Qi 


, + ve 


Q1Q2 


(VG7 +V37) 

Qi + Q2 

--—- , - ve 


, + ve 


, - ve 


19. Two positive and equal charges are fixed at a certain dis¬ 
tance. A third small charge is placed in between the two 
charges and it experiences zero net force due to the other 
two. 

a. The equilibrium is stable if small charge is positive 

b. The equilibrium is stable if small charge is negative 

c. The equilibrium is always stable 

d. The equilibrium is not stable 


20. An isolated charge q ] of mass m is suspended freely by 
a thread of length /. Another charge q 2 is brought near 
it (r > > /). When q x is in equilibrium, tension in thread 
will be 


/ 


<t2 


7 -** 


Fig. 1.124 


a. mg b. >mg 

c. <mg d. none of these 

21. Three equal charges, each + q t are placed on the comers of 
an equilateral triangle of side a. Then, the coulomb force 
experienced by one charge due to the rest of the two is 

a. kq 2 /a 2 b. 2 kq 2 /a 2 

c. 'sf$kq 1 /a 1 d. zero 

22. A positively charged ball hangs from a long silk thread. 
Electric field at a certain point (at the same horizontal level 
of ball) due to this charge is E. Let us put a positive test 
charge .40 at this point and measure F/qo on this charge. 
Then, E 

a. >F/q 0 b. <F/qa 

c. = F/q 0 d. none of these 

23. Electric field near a straight wire carrying a steady current 
is 

a. proportional to the distance from the wire 

b. proportional to inverse square of the distance from 
the wire 

c. inversely proportional to the distance from the wire 

d. zero 


24. A force of2.25N acts on a charge of 15x10 4 C. Calculate 
the intensity of electric field at the point. 

a. 1500 NC -1 b. iSONCr 1 

c. 15000 NC“' d. noneof these 

25. An a particle is situated in an electric field of strength 15 
x 10 4 NC"" 1 . Force acting on it is 

a. 4.8 x 10" i2 N b. 4.8xlO“ 14 N 

c. 48xlO“ l4 N d. none of these 

26. Two particles of masses in the ratio 1 ; 2 V with charges in 
the ratio 1:1, are placed at rest in a uniform electric field. 
They are released and allowed to move for the same time. 
The ratio of their kinetic energies will be finally 

■ a. 2 : 1 b. 8 : 1 c. 4 : ] d. J : 4 

27. Three equal charges, each +q 3 are placed on the comers 
of an equilateral triangle. The electric field intensity at the 
centroid of the triangle is 

a. kqlr 1 b. 3 kq/r 2 

c. sftkq/r 2 d. zero 

28. A point charge of 100 pC is placed at 3/ + 4) m. Find the 
electric field intensity due to this charge at a point located 
at 9/ + 12j m< 

a. 8000 VnrT 1 b. 9000 Vm" 1 

c. 2250 Vm" 1 d. 4500 Vm” 1 

29. Electric lines of force 

a» exist everywhere 

b. exist only in the immediate vicinity of electric charges 
c- exist only when both positive and negative charges 

are near one another 

d. are imaginary 

30. Two charges Q\ = 18 pC and Q% = - 2 pC are separated 
by a distance R and Q[ is to the left of Q 2 . The distance 
of the point where the net electric field is zero is 

a. between Q\ and b. left of Q) at R/2 

c. right of Qi at R d. right of Q 2 at R/2 

31. Determine the electric field intensity at point P due to 
quadruple distribution shown in figure for r > > a.. 



+ «T - 2q +q 


Fig. 1.125 

a. 0 b. kqa 2 !r A 

c. 6kqa 2 /r 4 d. 6 kqa 2 lr 2 

32. An oil drop, carrying six electronic charges and having a 
mass of 1.6 x 10“ 12 g, falls with some terminal velocity 
in a medium. What magnitude of vertical electric field is 
required to make the drop move upward with the same 
speed as it was formerly moving downward with? Ignore 
buoyancy. 

a. 10* NC - 1 b. 10 * NC - 1 

c. 3.3 x 10 4 NC“* d. 3.3x 10 5 NC” 1 
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33, What Is the largest charge a metal ball of 1 mm radius can 
hold? Dielectric strength of air is 3 x 10 6 Vm' 1 . 

a. 3 nC b. 1/3 nC 

e. 2 nC d. 1/2 nC 


34. Five point changes, +q each, are placed at the five vertices 
of a regular hexagon. The distance of center of hexagon 
from any of the vertices is a . The electric field at the center 
of the hexagon is 

* b. ~ 

47T€oa i Sneoa 2 

c. -A -—- d. zero 

lorreo a 2 

35. A ring of charge with radius 0.5 m has 0.002^ m gap. If 
the ring carries a charge of+31 C, the electric field at the 
center is 



a. 7.5 x 10 7 NC' 1 b. 7-2 x 10 7 NC“' 

c. 6.2 x I0 7 NC' 1 d. 6.5 x 10 7 NC -1 


36. A block, of mass m containing a net negative charge —q is 
placed on a frictionlcss horizontal table and is connected 
to a wall through an unstretched spring of spring constant 
k as shown. If horizontal electric field E parallel to the 
spring is switched on, then the maximum compression of 
the spring is 


Fig. L127 



a. VqEjk b. IqEIk 

c. qEik d. zero 

37. Figure shows (he electric lines of force emerging from a 
charged body- If the electric fields at A and B arc E A and 
Eb> respectively, and if the distance beLween A and B is 
r, then 



a. E A > Eg b. E a < Eg 

c. E a = Egh' d. E a = Eg/r 2 

38. If an electron has an initial velocity in a direction differem 
from that of a n m form electric field, the path of the elcctror. 
is 

a. a straight line b- a circle 

c. an ellipse d. a parabola 

39. An electron is taken from a point A to point B along the 
path AB in a uniform electric field of intensity E - 1C 
Vm” 1 . Side AB = 5 m and side BC = 3m, Then, the 
amount of work done is 


E 

-►-- 

w 

^ 1 

rx 1 

i 

1 

7^7 


_ ' r 

A 

-►- 

C 


Fig. 1.129 

a. 50 eV b. 40 eV 

c. -50 eV d. —40 eV 

40. A point charge q\ is moved along a circular path of radius 
r in the electric field of another point charge q 2 at the 
center of the path- The work done by the electric field on 
the charge q\ in half revolution is 

a. zero b. positive 

c. negative d» none of these 

41. A spherical conducting ball is suspended by a grounded 
conducting thread. A positive point charge is moved near 
the balk The ball will 

a. be attracted to the point charge and swing toward it. 

b. be repelled from the point charge and swing away 
from it. 

c. not be affected by the point charge 

d. none of these 

42. Two point charges are located on the positive Jt-axis of a 
coordinate system (as shown in figure). Charge q\ = l .0 
nC is 2.0 cm from the origin, and charge <72 = -3.0 nC is 
4-0 cm from the origin. What is the total forceexerted by 
these two charges on a charge q 3 — 5.0 nC located at the 
origin? Gravitational forces are negligible. 

a. 28juN directed to the left 

b. 28 pN directed to the right 

c. 196 pN directed to the left 

d- 196 pN directed to the right 



Fig. 1.130 


■0-.r(cm) 


43. Three +ve charges of equal magnitude l q' are placed at 
the vertices of an equilateral triangle of side 7*. How can 
the system of charges be placed in equilibrium? 


a. By placing a charge Q — 
the triangle 



at the centroid of 
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b. 


By placing a charge Q = 


n 



at the centroid of 


the triangle 

c. By placing a charge Q = q at a distance / from all 
the three charges 

d. By placing a charge Q = —q above the plane of the 
triangle at a distance / from all the three charges 

44. In figure, two equal positive point charges q\ = q 2 
— 2.0 pC interact with a third point charge Q = 4.0 pC. 
Find the magnitude and direction of the net force on Q. 



a. 0.23 N in +x direction 

b. 0.46 N in +x direction 
c» 0.23 N in —a: direction 
d, 0.46 N in — x direction 


45. Three identical spheres, each having a charge q and radius 
R , are kept in such a way that each touches the other two. 
Find the magnitude of the electric force on any sphere due 
to other two. 

1 (if b. JL 

\R/ 47T£o 

d. ^ 


a. 


c. 


47T£ 0 

73 


I6jt£o 


(!) 


47T£o L rJ 

L (±y 

£ 0 


167T£o 

46. Five point charges, each of value +q y are placed on five 
vertices of a regular hexagon of side L . What is the mag¬ 
nitude of the force on a point charge of value -q coulomb 
placed at the center of the hexagon? 

1 ( (l \ l h 2 /q\2 

a - — (z) b - zs (z) 

.2 l / <7 \ 2 


7T£ 0 
1 


C. 


-L- (±\ 

2j7T£o \lV 4jZSo 

47, It is required to hold equal charges, q , in equilibrium at 
the corners of a square. What charge when placed at the 
center of the square will do this? 

a.-f( l+ 2V2) 

c/f(, + 2V2) 


d. 


(!) 


b. §(1+2^2) 

d. -f(i + */5) 


48, A point charge <7 = —8.0 nC is located at the origin. Find 
the electric held (in NC“ *) vector at the point x = l .2 m v 
y = -1.6m (as shown in Fig. 1.132). 
a. -14.4/+ 10.8} *>. —14.4/ — IO.87 

c. -10.8?+14.4) d, —10.8/ -14.4) 


y 



49. 


50. 


51. 


A positive point charge 50 pC is located in the plane 
xy at a point with radius vector r 0 = 2 i + 3). Evaluate 
the electric field vector £ at a point with radius vector 
7 — 8/ — 5), where r 0 and r are expressed in meters, 
a. (1.4/ - 2.6 j) kNC“' b. (l.4i + 2.6 ]) kNC" 1 

c. (2.7? - 3.6]) kNC -1 d. (2.7? + 3.6)) kNCT 1 

A charge q = 1 pC is placed at point (3 m, 2 m, 5 m). 
Find the electric field vector at point P (0 m, —4 m, 3 m). 
_9_ 

343 
9_ 

343 
3 

c. — 

343 

Four identical charges Q are fixed at the four corners of 

a square of side a. Find the electric field at a point P 

a 

located symmetrically at a distance — from the center 
of the square. 

Q 


a. 


b. 


(3/+6) + 2it) kNC -1 
(3 t-6j+k) kNC" 1 
(3? + 6) + 2k) kNC -1 
(3? + 6 j + 2k) kNC-' 


2VlQ 

7TBoa 2 


b. 


d. 


•j2neoa 2 

V 2 Q 

nsoa 2 


52. A thin glass rod is bent into a semicircle of radius r . A 
charge +Q is uniformly distributed along the upper half 
and a charge — Q is uniformly distributed along the lower 
half, as shown in Fig. 1.133. Calculate electric field E at 
P> the center of semicircle. 
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c 4Q d g 

jz 2 £or 2 ' 47 r 2 ^ 2 


53. A system consists of a thin charged wire ring of radius r 
and a very long uniformly charged wire oriented along the 
axis of the ring, with one of its ends coinciding with the 
center of the ring. The total charge on the ring is q and the 
linear charge density on the straight wire isk. Evaluate 
the interaction force between the ring and the wire. 

a — b — 

' ‘ 2V2 near 


c. 


2 V 2 kg 

ne or 


d. 


4 kq 

JT£ Q r 


54. Find the electric field vector at P (a % a, a) due to three 
infinitely long lines of charges along x-, y- and 2 -axes re¬ 
spectively. The charge density, i.e., charge per unit length 
of each wire is A.. 


Y 



3rrsQC/ 

k 


O + j+i) 

0+j+b 


b. 


2jT£q£1 


Ci+J+h 


d. 


V2A. . . 

- (.i+J+k) 

7T£oa 


55. A particle of mass m and charge —q moves diametrically 
through a uniformly charged sphere of radius R with total 
charge Q , The angular frequency of the particle's simple 
harmonic motion, if its amplitude < R , is given by 

T 


a 7 


.£fi 

4tT£o ^7? 


1 qQ 

4jtso 




1 G 

Aite^mR 1 


m 


4jt€o q Q 


56. A particle of mass m carrying a positive charge q moves 
simple harmonically along x-axis under the action of a 
varying electric field E directed along x -axis. The motion 
of the particle is confined between x = 0 and x - 21, The 
angular frequency of the motion is o>. Then, which of the 
following is correct? 

a. qE — — mo> 2 (x - l) 

b. qE — mo) 2 (x — i) 

c. Electric field to the right of origin is directed along 
+ve x-axis for all values of x. 

d. Electric field to the right of origin is directed along 
—ve x-axis for all values of x. 

57. A circular ring carries a uniformly distributed positive 
charge and lies in X-Y plane with center at origin of co¬ 
ordinate system. If at a point (0, 0, z) the electric field is 
E> then which of the following graphs is correct? 


Y Y 



Y Y 



58. Two identical positive charges are fixed on the y-axis, at 
equal distance from the origin 0 , a negatively charged 
particle starts on the x-axis at a large distance form 0 , 
moves along the x-axis, passes through O and moves far 
away from 0. Its acceleration a is taken as positive along 
its direction of motion. The particle’s acceleration a is 
plotted against its x-coordinate. Which of the following 
best represents the plot? 





d. 


Fig. 1.136 


Multiple Correct 
Answers Type 


Solutions on page 1.57 


1. A wire having a uniform linear charge density A., is bent 
in the form of a ring of radius R. Point A as shown in the 
Fig. 1J 37, is in the plane of the ring but not at the center 
Two elements of the ring of lengths a 1 and <22 subtend very 
small same angle at the point A. They are at distances r\ 
and r 2 from the point A, respectively. (r :2 > rj) 

a. The ratio of charges of elements a\ and a 2 is r\lr 2 . 

b. The element a\ produced greater magnitude of elec¬ 
tric field at A than element^- 

C. The elements ay and a 2 produce same potential at A. 
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d. The direction of net electric field produced by ele¬ 
ments only at A is Cowards element a 2 . 

2. For the arrangement shown in the Fig. i.138, the two pos¬ 
itive charges, +2 each, are fixed. Mark out the correct 
statement(s) regarding a third charged particle q placed at 
mid point P that can be displaced along or perpendicular 
to the line connecting the charges. 

C 

1 

1 

. 4I -? • 

+e pu—h +q 

^_ a ~^ 

1 

1 

1 

D 

Fig. 1.138 

a. The particle will perform SHM for x << a. 

b. The particle will oscillate about P but not harmoni¬ 
cally for any x. 

c. The particle will perform SHM for y << a. 

d. The particle will oscillate about P but not harmoni¬ 
cally for y comparable to a . 

3. A particle of mass m and charge -q has been projected 
from ground as shown in the Fig. 1.139 below* Mark out 
the correct statement(s). 


y 



a. The path of motion of the panicle is parabolic. 

b. The path of motion of the particle is a straight line* 

2l{ sin 0 

c. Time of flight of the particle is-. 

d. Range of motion of the particle!^ m be less than, 

, « 2 sin 20.^ 

greater than or equal to-. 

8 

4. Two point charges of different magnitudes and of opposite 
signs are separated by some distance* There can be 

a. only one point in space where net electric field inten¬ 
sity is zero 


b. only two points in space where net electric potential 
is zero 

c. infinite number of points in space where net electric 
field intensity is zero 

d. infinite number of points in space where net electric 
potential is zero 

5. For the arrangement shown in Fig. 1.140, the two point 
charges are in equilibrium. The infinite wire is fixed in the 
horizontal plane and the two point charges are placed one 
above and the other below the wire. 

Considering the gravitational effect of the earth, the nature 
of q\ and q 2 can be 




j <7. t 
1 ! 


i 1 

i HI, 

Fig. 1.140 


— Fixed 
charged wire 


a. q\ +ve, q 2 +ve 

b. q\ —> +ve, q 2 —► —ve 

c. q\ -> —ve, q 2 -» -ve 

d. q\ —* —ve, q 2 -> +ve 


Assertion-Reasoning 
Type • '• ? 


Solutions on page 1.57 


In the following questions, each question contains Statement I 
(Assertion) and Statement II (Reason). Each question has four 
choices (a), (b), (c) and (d). out of which ONLY ONE is correct. 

a. Statement I is True, Statement II is True; Statement 
II is a correct explanation for Statement I. 

b. Statement I is True, Statement II is True; Statement 
II is NOT a correct explanation for Statement I. 

c. Statement 1 is True, Statement II is False. 

d. Statement 1 is False, Statement II is True. 


1. Statement I: If a point charge be rotated in a circle around 
another charge at the center of circle, the work done by 
electric field will be zero. 

Statement II: Work done is equal to dot product of force 
and displacement. 

2 . Statement I: A positive point charge initially at rest in a 
uniform electric field starts moving along electric lines of 
forces* (Neglect all other forces except electric forces) 
Statement II: A point charge released from rest in an 
electric field always nvoves along the lines of force. 

3. Statement I: When a neutral body acquires +ve charge, 
its mass decreases* 

Statement II: A body acquires +ve charge when it loses 
electrons* 
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4. Statement 1 : Two similarly charged bodies may attract 
each other. 

Statement II: When charge on one body ( Q) is much 
greater than that on another (q) and they are close enough 
to each other, then force of attraction between Q and in¬ 
duced charges exceeds the force of repulsion between Q 
and q. 

5. Statement I: Charge is quantized because only integral 
number of electrons can be transferred. 

Statement II: There is no possibility of transfer of some 
fraction of electron. 


Comprehension 

Type 


Solutions on page L57 


For Problems 1-2 

Two small identical conducting balls A and B of charges of + 
10 pC and +30 pC, respectively, are kept at a separation of 50 
cm. These balls have been connected by a wire for a short time. 


1. The final charge on each of the balls A and B will be 

a. 10 pC and 30 pC, respectively 

b. 20 pC on each ball 

c. 30 pC and 10 pC, respectively 

d. -40 pC and 80 pC, respectively 


2. The force of interaction between the balls is 

a. 28.8 N b. 32.6 N c. 14.4 N d. 72 N 
For Problems 3-5 

Two free point charges A and B having charges s-q and +4 q, 
respectively, are a distance l apart. A third charge is so placed 
that the entire system is in equilibrium. 

3. The third charge should be placed 

/ 

a. left of A at a distance - from A 

3^ 

b. right of A at a distance - from B 

21 ■ 

c. between A and B at a distance — from A 

3 

d. between A and B at a distance - from A 

3 . 

4. The third charge has magnitude and sign 


a. Q = 


-B) 


b.e = l 5 

o-a 


c. 


d. Q 


-B 


5 . 


Two charges of +Q each are placed at two opposite corners 
of a square. A charge q Is placed at each of the other two 
corners. If the resultant force on Q is zero, what should be 
the value of q in terms of Q? 

a. q = ’ 


(3V2) 



For Problems 6-8 



Three charges are placed as shown in Fig. 1.141. The magnitude 
of q\ is 2.00 pC, but its sign and the value of the charge q~i are 
not known. Charge q*\ is +4.00 pC, and the net force on <73 is 
entirely in the negative x -direction. 

6 . As per the condition given in the problem the sign of q x and 
<72 will be 

a. +, + b. +, - c. - + d. - - 

7. The magnitude of q 2 is 

27 27 13 13 

a. — pC b. —r pC c. — pC d. — uC 

64 K 32 K 32 64 ^ 


8 . The magnitude of force acting on <73 is 

a. 25.2 N b. 32.2 N c. 56.2 N d. 13.5 N 

For Problems 9-10 

A hollow conducting ball has a single positive charge +<7 fixed 
at the center. The ball has no net charge. 

9. The charge on the inner surface of the ball is 
a. + 2 q b. +q c. ~q d. 0 

10. The charge on the outer surface of the ball is 
a. V2q b. +<7 c. —q d. 0 

For Problems 11-12 

Suppose that a net charge +<7 is placed on the ball in the previous 
question; the point charge remains at its center. 

11. The charge on the inner surface of the ball is 

a. + 2*7 b. +<7 c. -q d. 0 

12 - The charge on the outer surface of the ball is 

a. + 2 q b. +q c. -<7 d. 0 

For Problems 13-14 

The positive charge at the center of the ball in question 9-10 
is moved off center closer to the inner surface, but it does not 
touch the inner surface. 


13.- The total charge on the inner surface of ball will 

a. , increase 

b. decrease 

c. remain the same 

d. change, depending on how close the ball gets to the inner 


surface 



















Coulomb's Laws and Electric Field 1.43 


14. The total charge on the outer surface of ball will 

a. increase 

b. decrease 

c. remain the same 

d. change, depending on how close the ball gets to the inner 
surface 

For Problems 15-17 


y 



Two point like charges Q[ and Qi are positioned at points 1 
and 2. The field intensity to the right of the charge Q 2 on the 
line that passes through the two charges varies according to a 
law that is represented schematically in the Fig. 1.142. The field 
intensity is assumed to be positive if its direction coincides with 
the positive direction on the jt-axis. The distance between the 
charges is /. 


15. The sign of each charge Q\ and Q 2 is 

a. +» — b. —, + c. +, + d. —, - 


16. Find the ratio of the absolute values of the charges ■ 

\Qi\ 

2 / i \2 / \2 

a 


-m -o 


a +1 


>■ (?) ! 


17. Find the value of b where the field intensity is maximum. 


l 

b. 

a ‘ (Qi/Q 2) )/3 + i 

/ 

d. 

• c ‘(G 2 /ei ) 1/3 + 1 

For Problems 18-19 



I 

(Qi/Q2)' /3 -i 

l 

(e 2 /ei> ,/3 -1 


P 



Two charges are placed as shown in Fig. 1.143. The magnitude 
of q\ is 3.00 pC, but its sign and the value of charge <72 are not 
known. The direction of net electric field at point P is entirely 
in the negative y-direction. 

18. The signs of q\ and qi is 

a. +, - b. -, + c. +, + d. - - 


For Problems 20-21 

Four equal positive charges, each of value Q, are arranged at the 
four corners of a square of diagonal 2a. A small body of mass m 
and carrying a unit positive charge is placed at a height h above 
the center of the square. 

20. What should be the value of Q in order that this body may 
be in equilibrium ? 

a. Vt 2 2 a 2 )^ 2 b. (h 1 4- a 2 ) V2 

2/7 h 

c. (h 2 T 2a 2 ) 3 ' 2 d. ( h 2 - a 2 ) 3 / 2 

h In 

21. The type of equilibrium of the point mass is 

a. stable equilibrium b. unstable equilibrium 

c. neutral equilibrium d. cannot be determined 

For Problems 22-25 


2 m 



Fig. 1.144 


An electron is projected with an initial speed i>o.= 1.60 
x 10 s ms“' into the uniform field between the parallel plates 
as shown in Fig. 1.144. Assume that the field between the plates 
is uniform and directed vertically downward, and that the field 
outside the plates is zero. The electron enters the field at a point 
midway between the plates, Mass of electron = 9.1 x 10“ 31 kg. 

22. If the electron just misses the upper plate, the time of flight 
of electron upto this instant is 

a. 1.25 x 10“ 9 sec b. 32.5 x 10“ 6 sec 

c. 1.25 x 10" 8 sec d. 32.5 x 10" 8 sec 

23. For condition of previous situation, the magnitude of electric 
field is 

a. 124 NC" 1 b. 364 NC“ 1 b. 224 NC" 1 d. 520 NC“ 1 

24. If instead of electron, a proton were projected with the same 
speed, then compare the paths traveled by the electron and 
the proton. 

a. The proton will hit the upper plate. 

b. The proton will hit the lower plate. 

c. The proton will not hit either plate. 

d. None of these. 

25. The vertical displacement traveled by the proton as it exits 
the region between the plates is 

a. 1.6 x 10“ 8 m b. 3.25 x J0“ 8 m 

c. 5.25 x 10“° m d. 2.73 x 10" 6 m 

For Problems 26-27 . 

An electron is projected as shown in Fig. 1.444, with kinetic 
energy A', at an angle 0 = 45° between two charged plates. 
Ignore gravity. 


19. Determine the magnitude of E 

a. 2.30 x 10 7 NC -1 b. 1.17 x 10 7 NC“' 

c. 3.55 x 10 7 NC ” 1 d. 4.2 x 10 7 NC“ ! 


26. The magnitude of the electric field, so that the electron just 
fails to strike the upper plate, should be greater than 
a. K/qd b. 2 K/qd c. Kllqd d. infinite 
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Fig, 1.145 

27. At what distance from the starting point will the electron 
strike the lower plate? 
a, d b. 2d c. 3 d d. 4 d 

For Problems 28-29 



Fig. 1.146 

In 1909, Robert Millikan was Ihe first to find the charge of an 
electron in his now-famous oil-drop experiment. In that exper¬ 
iment, tiny oil drops were sprayed into a uniform electric field 
between a horizontal pair of oppositely charged plates. The drops 
were observed with a magnifying eyepiece, and the electric 
field was adjusted so that the upward force on some negatively 
chaiged oil drops was just sufficient to balance the downward 
force of gravity. That is, when suspended, upward force qE just 
equaled mg. Millikan accurately measured the charges on many 
oil drops and found the values to be whole number multiples of 
1.6 x 1CT 19 C— the charge of the electron. For this, he won the 
Nobel prize. 


28. If a drop of mass 1.1 x 10 -14 kg remains stationary in an 
electric field of 1.68 x I0 5 NC -1 , what is the charge of this 
drop? 

a. 6.40 x 10 “ 19 b. 3.2 x 10 “ 19 

c. 1.6 x I0 “ 19 d. 4.8 x 10 " 19 

29. How many extra electrons are on this particular oil drop 
(given the presently known charge of the electron)? 

a. 4 b. 3 c.5 d. 8 


Matching ; ^ 
Column Type 


Solutions on page L60 


1. In the following Fig. 1.147, charges, each + 4 , are fixed at L 
and M. O is the mid point of distance LM. X- and Y- axes 
are as shown. Consider the situations given in column I and 
match them with the information in Column II: 


y\ 

1 


1 



Fig. 1.147 


Column I 

Column II 

i. Let us place a charge +q at 0, dis¬ 
place it slightly along X-axis and 
release. Assume that it is allowed 
to move only along X-axis. At po¬ 
sition Oy 

a, force oi 
the charge i 
zero 

ii. Place a charge —q at 0. Displace 
it slightly along X-axis and release. 
Assume that it is allowed to move 
only along X-axis. At position 0, 

b. potentia 
energy o 
the systen 
is maximun 

iii. Place a charge +q at 0. Displace 
it slightly along T-axis and release. 
Assume that it is allowed to move 
only along Y-axis. At position 0, 

c. potentia 
energy o 
the systen 
is minimurr 

iv. Place a charge —q at 0. Displace 
it slightly along Y -axis and release. 
Assume that it is allowed to move 
only along Y-axis. At position 0, 

d.the charg 
is in equilib 
rium 


2. Match the forces given in Column I with the properties givei 
in Column II: 


Column I 

Column II 

k Electric force of 
nucleus on elec¬ 
tron 

a. Conservative 

ii. Your weight, i.e., 
the force that 
earth exerts on 
you 

b. Action reaction force 

iii. Force between 
earth and sun 

c. Depends on the nature oi 
medium between the interacting 
objects. 

iv. Repulsive force 
between two 

protons 

d. Principle of superposition ap¬ 
plies provided that other forces 
that are acting on the object, an 
also of this nature 


3. Match Column I with Column II: 


Column I 

Column II 

i. Force on an electron in an atom 

a. Gravita¬ 
tional force 

ii. Force between a proton and a neu¬ 
tron inside nucleus 

b. Strong 
force 

iii. Force between a proton and proton 
inside nucleus 

c. Coulomb 
force 

iv. Conservatuve force 

d. Electric 
force 


4. Match the facts given in Column I with the systems given ir 
Column II: 
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.Column I 

Column n 

i. eo 

a. 1 

ii. K 

b. 

M'L' T~ 2 1 

iii. E 

e. [M~'L~ 2 T 4 A r 

iv. F 

d. 



Column I 

Column II 

i. Charge cannot exist 

a. without charge 

ii. Mass can exist 

b. without mass 

iii. Charge is 

c. not conserved 

iv. Mass is 

d. conserved 


Subjective Type 


ANSWERS AND SOLUTIONS — 

*ee .„*ee i 


1. No. of atom is 10 g of silver, 
6.023 x 10 23 x 10 


+ 2 - 


= 5.58 x JO 22 


107.87 

No. of electron = 47n = 2.62 x 10 24 
2. qE = 6jrr}rv 

=> NeE = 6nr)rv => N - 6nr)rvfeE 

6n x 1.6 x 10‘ 5 x 5 x 10" 7 x 0.02 

^ = 1.6 x I 0" 19 x 6.28 x 10 s 

= 3 x 10 " 

3- No. of electrons or protons in LOO gm of hydrogen 


(// V 2) 2 ( V 2/) 2 / 2 V 2 

Q( 2V2+ 1) 

-4- 

Q should be negative as there is attraction between Q 
and q. 

-Q( 2V2+I) 

So,g= - - - 

Q should be negative. 

Q 

q • -•- 


n = 2 x 6.023 x lO^J = 6.023 x 


10 


23 


Magnitude of charge on north or south pole: 
q=ne = 6.023 x 10 2} x 1.6 x 10 " 19 = 96368 C 
p= t^ = 9xl0»x (96368)- =5 |0<|qSn 
r 2 (2 x 6400 x 10 3 ) 2 

= 510kN 

9 x 10 9 x 12 x 10 -9 x 18 x 10 " 9 

4 ‘ ‘- F -co 3 oX- 

= 2.16 x 10 5 N attractive 

b. When they are connected by a conducting wire, finally 
charge on each will be half of total charge on both. Let q is 

12 - 18 

the final charge on each, then q — —-— — -3 nC 

^ 9 x 10 9 x (3 x 10 “ 9 ) 2 n 1a _ 7xi , . 

F = - 3Q ^ -= 9 x 10 N repulsive 

5. F$ = F'i 4- 2F\ cos 45° 


For net force on q to be zero: 

For net force on 2 q to be zero: 
From (i) and (ii), 

_L 2 

A 


or-►H —d - x —H 

Fig. 1.149 

kqQ kqlq 


x 2 d 2 
kQ'lq _ kq2q 

(d-x) 2 ~ d 2 


( 0 - - 
(ii) 


x = 


x* (d~x) 2 ~ 1 + -ft 

The third charge ( q) is in equilibrium only when 
k(4e)q k{e)q 


Fpa — Fpb 


(a - x ) 2 


h— 

+ 4& 




-a-s- 


+ e 



On solving: x = ~a 

As there is attraction, so 
9 x \0 9 Q { Q 2 x 10 “ 12 


Fig. 1.150 

2 


= - 0.027 


£.!22 = -3 


-ve sign is due to attraction 

9 X10 >*(<^y 

For repulsion:--— = 0.009 

=4 (Q, + Q2f = 4 

=4 Q\ + = ±2 


Here, we have two sets of equations. 
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(0 (SS"flf+fc-2 3 ) we s et 3 and - 1 v c 

(ii) [ [ncT Q\ +q7=-i ) -»■ we 2 et - 3 pC and 1 pC 


11. For Q to be in equilibrium; 

+3^ Q 


+4 


-d-x 


9. Let charge on each sphere is q> then 

q 2 ^ q 1 

F = k-h=2x 10" s => —r 


2 x 10" 5 
9 x 10 9 


©—- 


(7*) •*—(T) 

1 —»—i—=—i 

r /2 j -/2 

Fig. 1.151 

When sphere C is touched by sphere A, charge gets 
equally divided between the two. 

r l ?V 4 , <1 2 4 

Pc a = k ~ytj = ft — X 

r 2 /4 4 r 2 

‘ . ? 2 /2 . ^ 4 9 2 

= * -TTT = * -T- x — = 2 fc — 

r 2 /4 . 2 r 2 >- 2 

o 2 

F c = Fes — Pc a = ft^r=2xl0 5 N towards 
r 2 

10. Net electric field at A due to charges at B and C is 


Fig. 1.153 

ft 3? * g? 

* 2 (d - x ) 2 

Sd 

75 +1 


JC = 


The bead can be in stable equilibrium, if it has positive 
charge. 

12. No. of atoms in 10 gm of copper; 

n = x 6 x 10 23 = 9*448 x 10 22 
63.5 

Number of electrons transferred, 

N = ^44 =9.448 x 10 19 
1000 

Magnitude of charge appearing on either piece 
a. q = Ne = 9.448 x 10 19 x L6 x 10" 19 = 15.12C. 


b. F — 


ft'?” _ 9 x 10 9 x (15.12) 2 ^ nc in i 4 . 


= 2.05 x 10 14 N 


E a = 2E A c sin 60° = 2 x 9 x 10 9 x 


3 x IQ -6 75 


(0.20) 2 2 
= 75 x 6.75 x 10 5 
£,4 = 1-5 75 x 10 “ 5 NC _i 


( 0 . 10) 2 

13. Electron is 0.5 cm from the sheet of charge and is far away 
from theedges of the sheet. Therefore, sheet looks effectively 
infinite. 


E=^- = 


AM = 7(20) 2 - (10) 2 = 7400 - 100 = 1073 cm 


<? = 


— =>■ F = - eE = -e () 

2eq 2eqA \2^o>4 J 

2sqAF 



2(8.854 x 10“ 12 ) x (0.5) 2 x (1.8 x lO' 12 ) 


1.6 x 10- 19 


= — 50 pC \ 


14* An electron is negatively charged particle, it will be attracted 
by the positive plate with force F = eE. Hence, acceleration 
of electron along y-axis will be 


F eE eV 
a = — = — = — (0 

m m md 


So, from equation of motion, v 2 = u 2 + 2 as along x- 


V 

as E — — 
a 

2 2 
4 — w* 


Fig. 1.152 

Let the charge at M be q . Charge q should be positive 
so that there can be repulsion between the charges at A and 
M. 


axis, 


Ea M = 9 x 10 9 x 


= 3 qx 10 M 


v y = vq = 10 fi (ms' 1 ) {as a = 0} (ii) 

And along y-axis, v 2 = 2ay 0 {as u — 0 and ^ = yo) 

Now, as yo = 1 cm (given) and is given by equation (i), 
the electron will hit the top plate with 


(io73/mo) 2 

For A to be in equilibrium: 

E A - E AM => 75x6.75 x 10 s =2q x 10" 

975 975 _ 

=>• q — —— x 10 - ——pC 


2y 0 eV /2 x 1.6 x I0" 19 x 30 x 1 x 10“ 3 


md 


9 x 10" 31 x 3 x 10- 3 


Uy = (472/3) x 10 6 = 1.885 x 10 s ms-’ 
So, the electron will hit the upper plate with 


(iii) 
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v x — 10^ (ms ') and u y — J .885 x 10 6 ms 1 


Note: In this problem, time taken by the electron to hit the 
plate 

jlyom __ [iyomd 
V a y qE y qV 


2 x (1 x Hr 3 ) x (9 x 10“ 31 ) x (3 x 10“ 3 ) 
“ V 1.6 X 10 -19 X 30 

= x MT 9 s 

2V2 


And in this time electron will travel a horizontal distance: 
s = v 0 / = 10 6 x 1.06 x 10“ 9 = 1.06 x 10 -3 m 


15. Volumetric charge density of given structure, 



E, 


Q 

4tT€o 


A. 

lx 1 




16. a. The field within the cavity or outside is the superposition 
of the field due to the original uncut sphere, plus the field 
due to a sphere of the size of the cavity but with a uniform 
negative charge density. The effective charge distribution is 
composed of a uniformly charged sphere of radius r, charge 
density p, supeiposed on it, a charge density —p filling the 

cavity. Electric field E\ caused by the charge distribution -f p 
at a point r , inside the spherical cavity. 

-*■ pr A p r 

E\ = — r =-; where r is a unit vector in radial 

3e 0 3e 0 

direction. 




(1) Charge density of 
big sphere is a 

Fig. 1.155 



(2) Charge density of 
smaller sphere is (- 0 ) 


Similarly, the electric field E 2 formed by the charge density 
—p inside the 0 ^ity is 


-v (-p)s -> -► 

Ei = — -; * = r 

3 £0 


— a 



Fig. 1.156 


s is the radius vector from cavity center to the point P. 

-p(~r -~a) 


E-> = 


3e 0 


The resultant electric field inside the cavity is therefore given 
by the superposition of Ey and £ 2 * 


-► -► p r 

E= E\AEi = ^- 1 - 

3fo 


-P(r ~ a) 
3^o 


p a 

= H-= constant 

3^o 


E = 


pa_ 

3s 0 ' 


b. (i) Electric field at points inside the large sphere but outside 
the cavity, 


Ey 


P r 
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(ii) Electric field at points outside the large sphere, 





The resultant electric field, 


E = E\ + E 2 — 



19. Let us make two-dimensional view of the situation. Because 
of symmetry we can say the force on wire 2 (k 2 ) will be along 
negative y-direction. 


E(r) = 


f> a 

-—Elecric field inside the cavity 

^ \ 3 

b 


_P_ 

3*o 


r — 


(r-a) 


\\r -a\, 

Electric field outside the cavity but inside the large cavity 


_P_ 

3*o 


Electric field outside the large sphere 


17. We first find the field of a cylinder off-axis, then the electric 
field in a hole in a cylinder is the difference between two 
electric fields — that of a solid cylinder on-axis and the one 
off-axis. 

Ccncl 


r' = r — b=><£ = 2jzr'l E = 


E = EIL 

2*o 


E = 


Jo 

p (r ~ b) 
2*o 


= —In r a 
£o 


y 

l 

I 



dF = E x dq cos# 

F = [ dF= ( - (k 2 dx)cos0 

J J 2nso-va 2 +x 2 


^hole — ^cylinder Ejibove 

pr p(r - b) p b XI ^ r- 1 

= — - —--— -— Note that E is uniform. 

2*o 2*o 


8. E\ = 2E cosd = 


2 kgjl) 
[x 2 + l 2 ] 


3/2 


along AC 


E 2 = 2 E cos 6 = along DB 

Net field: 

Fn — /f 2 ■+■ F 2 — / _ 

E° V E i +E 2 + 




(* 2 + i 2 ) 3 ' 2 v5^£ 0 (jc 2 + / 2 ) 3/2 


where cos 6 = 


■JtP- + JC 2 


AfA -2 t 00 dx A .ik 2 a I r 

F = - a I -r— — 5- = —- x - tan - 

2 neo J-oo a +x 2jre 0 a L a J-« 


F = It is independent of a. 

20. q = 10“ 8 C, A = = 


= 5 Cm' 1 


2 nr 2jt«U) 

Take an arc of ring subtending small angle $ at the center 
(Fig. 1.159). Charge on this arc: dq = krO 
For net force to be zero on this arc: 
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-X 


2T*n{-)-F, 

^ 2T ( '£\ = kqjXrdO) 


=>7 = 


2 
kq X 
r 

9 x 10 9 x 10 -8 x 5 


A r = 


Tr 


0.1 

4500 x 0.1 


= 4500 N 


AY 10" 6 X 2 X 10 M 
= 225 x I0 -5 m = 2.25 mm 


21. T cos 0 + qB — mg 

T cos 6 = mg — q B 



T sin# = qA 
Dividing (i) and (ii), 

qA 


tan 0 = 


a. 


b. 


mg - qB 

mg tan 0 


=>> q = 


A -f 5 tan# 


Put the value of q in (ii) 
T = 


A mg sec 0 


A 4- B tan & 

22. Electric field at point P due to charge of ring is 

kQx 


E = 


At x = R: E = 


(R 2 + Jt 2 ) 3 / 2 

kQ 


(i) 


2V2 R 1 


directed towards the center. 

kq 


Electric field at P due to charge at center: — 



Fig. 1.163 


For net field to be zero at P 
kq kQ 
R 2 


23. Tsin6 = F = 


" 2-yJlK 1 
I q 2 


=> <? = 


2-v/2' 


47T£o a ' A 
T cos 8 = mg 


(i) 

(ii) 


From (i) and (ii), tan 8 = 


T 


a/2 

~L 


4tt£o a 2 mg 
L 


AnsycPmg 
(v for small 0, tan 0 


a/2 L) 


Ins^mg ^ 1 ^ 

When one of the ball is discharged, the balls come closer 
and touch each other and again separate due to repulsion. The 
charge on each ball after touching each other = qil . Replacing 
q with qll in (iii). we get 

&_ = (q/ 2) 2 

L 

. a 

2 


2-JZE.^mg 

b l_i 

z 3 4 


(iv) 


From (iii) and (iv), = -7 => b = 


24. a. Electric field near B and to the right of B is along -ve 
x-direction, so sign of Qh should be -ve. There is a neutral 
point at x = 24 cm, so sign of Q a should be opposite of Qb. 
Hence, Q a should be +ve. 
b. At neutral point (at x = 24 cm): 


(ii) 


k— - k— 
24 2 3 2 


Qa 


Qb 




64 


c. Electric field to the right of charges (at x = x) 


E = k^--k 


Qb 


(jc-21) 2 


dE 


For field to be maximum: —— = 0 
ax 

_ kQ a {- 2) kQ b (- 2) 

— 0 - 


jc 3 (x-21) 3 
25. Electric field due to A/A: E\ = 


x - 28 cm 


2 -- *) 

47T£o^ 

Electric field due to ADC: E^ = —-- (— fc) 

2jt£oR 

k 

Electric field due to ABC\E$ — -- (—j) 

2tV£qR 

Electric field due to NC : £4 = - A -- (—1 + £) 

Ane^R 
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Net Electric field: 


E 0 = E\ E 2 £3 + E 4 — —- 


0 + k) 


dq 

dt 


2ne$mg 3 dx 

—— i^T, 


2tT£o R 

16 . Electric field due to straight wires will cancel out. The net 
electric field will be due to semicircular wire only. 

Hence, Enet — ^circular = ^_“ ( J ) 


dq 3 
dt ~ 2 


27T£omg 


l 


27T£oR 


27. F = 


So, acceleration: a = 
V3 kq 2 


<7 E^ qX 

m 2ne^mR 


(- j) 


A F 
tan 6 — — 
mg 



tan# = 


\fikq 1 
mg x 2 

y _ V3 g 2 

y/f- - y 2 47r£ 0 mgj: 2 

* W 


^ V3 


a/3/ 2 - x 2 4jr£ 0 mg .*: 2 

4;r * 3 


4 = 


_^3 [3 l 2 -x 2 ]_ 


1/2 


tan 0 — 


kq 2 

jc 2 /n^ 



4 


2/ 47r£o* 2 tft£ 

9 2 / ^ 1/3 


x — 


l2ns{ i mg_ 


2 2jt£Qing x 3 
* =—/— 


Fbreomg y2 

V = /- 7 -* ' 


29. r —--- = ma 


= r 3 ^ 1^2 1 

L43T£o»ir 3 J 


43T£o»ir 3 
T = In 


Ans(,mr 

3q\qi 




30. Charge with in radius r. 


r 

q = j Po [l - ^]4 t rr 2 dr 
0 

,.4** 

(t-5). 

Po'' f. 3r 1 

/■ 2 3 £ 0 [ 4/? J 


q = 4jrp 0 
For/- < /?, 


Total charge: Put r = /? in (i) 


— _ ^!l - 
T - T |- 


Q = 4-rtpo 

For /- > /?, 

£ _ _ Po# 3 

r 2 12fo/' 2 

At surface, from both (ii) and (iii), 
PoR 


4npo R 3 


12 


Eo = 


12 gq 



dE 

For maximum = 0 from (ii) 
dr 


(0 


(ii) 


(iii) 
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PoR 


E = 


Also* at r — Rf 3 


E = 


9^o 

PqR 

ns 0 


31. Potential energy of dipole system 

-. ■* 1 pi 

t/ = -pi ■ E 2 \ = -P2 - -r COS2T 

4tt£o x J 


A 

A 

Pi 



rE» 

< * \ 


Fig. 1.168 

£21 is the field due to p\ at p 2 as shown. 

1 P\P 2 


U 4jrfio x 3 

dx 4 tteq 


P 1 P 2 


F comes out to be positive, so it is a repulsive force. 
$2. Potential energy of system 


„ - 7 . 1 2pi 

U ■= ~P2 ■ £21 - ~P2~ -— COS 0 = 

4j T£q X J 4k£q 


-H 


1 2pi p2 


■JSS= 


/>, Pi 

Fig. 1.169 


F _ _ 6 PiP2 _ 3 P1P2 

d* 4 ;T£o 2;T£o * 4 

F comes out to be negative* so it is an attractive force. 

33. a. £ =—5—4 (Fig. 1.170) 


4tT£o x 2 
U = —pE cosO 0 — - 


qp 


47t£$X 2 


-►—► E 


F = -™ = 


Fig. 1.170 
-pq 


b. U = —pE cos 180° 


4jt£qx 2 


= pq 

5jt 2jTS$X* 


-+—► E 


+ve sign indicates that force on dipole is towards +ve 
jc-directlon or the force is repulsive. 

1 P 


c. E = 


4TtSo * 3 

Let us first find force on q due to p 


1 




E 

Fig. 1.172 


F - qE = 


qp 


47r £ 0 * 3 

Charge q will also apply same force on dipole but in 
opposite direction, so force on dipole 
qp 

- -- along p or parallel to y-axis 

4tT £ 0 * 3 


F = 


Objective Type 


1. c. The body may get charged either negatively or positively. 
1 = 9x 10 9 , £0 = -- } — C 2 N- 


2. d. K = 


4jt£o 


4jt x9 x 10 9 


•'m - 2 


3. a. F = 


[«o] = 


1 q 2 

47T£o r 2 

[q 1 ] (current x time ) 2 


IFr 2 ) 

A 2 T* 

MLT~ 2 L 2 


MLT~ 2 L 2 
= M-'L- 3 T*A 7 


dx 2 ksox 2 
-ve sign indicates that force on dipole is towards —ve 
jr-direction or the force is attractive. 

qp 


4. b. £ = - = 2 = MLA~ l T ~ 3 

q AT 

5. d. Dielectric constant of a material is K > L 

6 . a. Net charge of universe is constant. Positive and negative 
charges may separately be created or destroyed. But net sum 
of charge remains constant. 

7. a. There will be gravitational attraction between the neutrons. 

8 . a. When we charge a soap bubble* there will be either net 
positive or net negative charge on the bubble. Due to the 
repulsion between like charges, size of the bubble will tend 
to increase. 

9. a. Glass plate will act like a dielectric. 

10. a. Newton’s third law. 

11. b. Given Q\ + Q 2 = 10 (i) 

kQ Y Q 2 

And = -0.075 


9 X 10 9 <2,(22 x 10" 12 
(3) 2 


= -0.075 


(Here, we have multiplied by 10 12 because we have consid¬ 
ered <2) and Q .2 to be in pC) 

=> Q i <22 = — 75 (ii) 

Solving (i) and (ii), we get Q\ = 15 pC, Q 2 = —5 pC 


Fig. 1.171 
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12. a. F = 


i q{Q-q) 


4rr£o r 2 
For Ihe force (o be maximum: 
dF 1 d , Q 

= w ^ ie, ''' 1 = 0=> ,= 2 

. . d l F . Q 

And is negative at <7 = — 

aq l 2 

Hence, force will be maximum if q = QJ2. 

13. c. Net force on qy F\ + F 2 = 0 


~b -jQi 

* ~ s/Qi 


ve7 


■JQ\_ + a/6? 

■/Qi 


Q\ Qt. 


^ q (V& + a /Q~i) 2 

19. d. The equilibrium can be stable only if on displacing the 
small charge slightly in any direction, the forces act on it in 
such a way so as to bring back the charge to its equilibrium 
position. 

20. b. Initial tension: T\ - mg 
Final tension: 72 cos 0 = mg 


•— 


<7i 

- 0 ~ 








Ti - 


mg 

cos0 


Fig. 1.173 


=* ( 2 *)* + “° ■* 4,1 

14. d. 


T,‘ 

\ 

20 cm B x 

»- 


Y 


8 x 1 O' 6 C -2 x 10 -6 C 

Fig. 1.174 


Q 


Lei third charge Q is placed at a distance x to the right 
of B> Then ^ 

*2x8x10-* * 2(2 x IO -6 ) 

(20 + x) 2 “ x 2 

=> x = 20 cm 

15. c* 1 2 3 4 5 

+ - + 

If I is positively charged, then 2 should be negatively charged, 
then 4 should be positively charged. Now, 1 and 4 cannot 
attract. It means ball 1 should be neutral, because they are 
showing repulsion with 3 and 5, respectively, 

16. b. A and B have like charges B and C have like charges. So, 
A and C also have like charges. Hence, they also repel each 
other. 

17. c. 100 = kq^/r 2 and F = *(l.I?,)(0.9^)/r 2 

=$• -4- = 0.99 w F 5= 99 N 

100 

18. c. Force on Q 2 is zero (q should be -ve) 

R 


<h 9 

Fig. 1.176 

Obviously: T 2 > mg 
2L c. = 2Fcos30° 


2 kq 1 a/3 V3 kq 2 

a 2 2 a 7 



22 


LUJ1LLUJ 


N- 

(4- 


R-x 


-w<- 


-w 

-w 


Qi 


Fig. 1.175 

kQ\Qi kqQi 


R 2 

Force on q is zero 


x 

kQ\q 


X 

^ ~R = 


kqQi 


F = 


* Qqo 


Fig. 1.178 
F kQ 

=> — = ^r 

«o r. 


(R - x ) 2 x 2 

R-x _ %/27 

* ysi 


(i) 



GO 


As ri > r, so from (i) and (ii) E > — 

4o 

23. d. Net charge on a current carrying wire will be zero at any 
time. Because when current flows through a wire, the amount 
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of charge entering from one end is equal to amount of charge 
leaving the other end. 

F 2 25 

24. a. E = - = - ' . = 1500 NCT 1 

q 15 x 10“ 4 

25. b. F = Eq = 15 x 10 4 x 2x 1.6x 10" 19 = 4,8 x 10- |4 N 

26. a. As charge on both particles is same, so electric force act¬ 
ing on them will be same. Since the particles are allowed to 
move for the same time, their final momentum will be same. 
Because 

Change in momentum = impulse = force x time 

P 2 1 

So, from, KE = — we have KE oc — 

2 m m 


3 2 1 



+q - 2 q +q 

◄- (r-a). 


< - r -M 

◄- {r+a) -N 

Fig. 1.181 

If r » a t we can use binomial approximation: 
n(n — 1) o 

(1 + a) n = 1 + net H- ——-or -\ - (fora << l) 

Therefore, 


— = — = 2 ■ 1 
KE 2 ill] 

27. d. Each charge will produce same magnitude of intensity, say 
£, at the centroid. These are directed at angles of 120° with 
each other. So, their vector sum will be zero. 



28. b. r =(q- 3 )/ + <12 -4)j = 6 i + 87 
==> r = a/6 2 4- 8 2 = 10 m 

9 x 10 9 x 100 x 10 -6 


E = 


10 2 


= 9000 Vnf 


29. d. Electric lines of force is an imaginary concept, it do not 
exist in reality. 

62 ft Qi 

r 2 


30. d. 


(* + R ) 2 

Q, 


Q, 


R 

Fig.. 1.180 



0-2(^,) + 



4n€o r4 


32. c. For first case: F = mg 

For second case: F + mg = 6 eE 2mg - 6 eE 


F=(\nn}-v 

O ~ 6 e 

” mg 


i - 

o 

w mg 

" f 


Fig. 1.182 

=» E = ^ 1,° = 3.3 X I0*NC~’ 

3c 3 x 1.6 x 10 ~ J9 

33. b. Dielectric strength means the maximum electric field 
which a medium can bear. Here, if field becomes more than 
this, then charge will start leaking from the metal ball. So, 
kQ ^ ER 2 3 x 10 6 x ( 0 . 001) 2 


E ~ R 2 ^ Q ~ 


9 x 10° 


= 1/3 nC 


34. a. E = 


l 


4tt£q a 2 


R 

X ~ 2 


31. c. The field at point P is superposition of fields E \, E 2 > £3 
due to each charge. 

<7 


4t r£ 0 (r -a ) 2 


Now, 


AttsqK' 




^3 = 


4nso(r -h a ) 1 


E = E x + E 2 + £3 = 


E = 


2 

- n + 


47T£()r 2 


!_li 

4tt£o L(r “ a ) 2 r 2 (r + a ) 2 J 

-crh+i-^r] 


4 4 



Fig. 1.183 


Suppose the charge is present at the sixth vertex also, 
then electric field at center would be zero. Now, if charge is 
not present at this vertex, the electric field at center would 
be because of other five charges, which should be equal and 
opposite to the field produced due to single charge at sixth 
vertex. 
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35. b. 


dq = t^-(0-00 lit) 
2 nr 


l 


2 n 


E = 


2jt(0.5) 1000 

9 x 10 lJ x 2 x 10“ 3 

(Ol) 3 


= 2 x 10" 3 C 



Fig. 1.184 


42. a. F 3 — F 31 + F 32 



—4.0 cm— 

Fig. 1.187 


43. a. To keep the system in equilibrium, net force experienced 
by charges at ‘ A * / B * and ‘ C ’ should be zero. For this another 
charge of opposite sign should be placed at the centroid of 
triangle. Let this charge be Q\ 


=> E = 7.2 x 10 7 NC _I 

36. b. Force on the block: F = qE towards left. 

Let spring is compressed maximum by *. Then 

1 . 'j „ 1 2 2 qE 

2 2 k 

37. a. Strength of electric intensity is more if field lines are closer. 

38. d. We can compare this situation with that of a mass moving 
as a projectile. 

39. b. W A u = ^ac + W cb 

Wen should be zero, because in moving from C to B, 
we always move perpendicular to field. Hence, force applied 
by field and displacement will be at 90°. 

Wac = -*(Vc-V a ) 

V c -V A = -E x AC 

“ -10 x 4 = -40 
W AC = - * x (- 40) = 40e 



ZV3 2 / 

AD “ / cos30° = AO = -AD = -= 

_ 2 3 

2|/c/i|cos30° = |F C<? | 

„ 1 <? 2 ^ _ 1 ( 2 ? ? 
X 4jt£ 0 X / 2 X 2 “ 4jtso a/V3) 2 W “ V5 
44. b. F nc( =2 ]F 3 i | cos of 


So W /U , = 40c J = 40 eV 

40. a. Work done is zero, because force applied by on q\ is 
always perpendicular to the velocity of q \. 


1 2 x 4 x IQ" 12 

4jt£o X (0.5) 2 



0.46 N 



41. a. Due to induced negative charge, there will be attraction. 

////////// 


Induced positive 
charge will flow 
JL into carlh 

* 


y 



Fig. 1.186 
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45. c. For externa) points, a charged sphere behaves as if the 
whole of its charge were concentrated at its center. 



Fig. 1.190 

Force on A due to B> 

F “ = i OK? = i aJOI ' S n 

And force on A due to C 

FaC = 47T£o (2/?) 2 = 4^0 4R 2 al ° ng CA 
Now as angle between BA and CA is 60° and 


\Fab\ = [F,jcl = F 

F a = J ¥ 2 + £ 2 + 2£.f.cos60 = SF 
F = _L^3 / £ y 

A 4 li?J 


46. d. If there had been a sixth charge +q at the remaininig vertex 
of hexagon, force due to all the six charges on — q at 0 will 
be zero. 



Fig. 1.191 


Now if is the force due to sixth charge and due to re¬ 
maining five charges, then 

F + /=0 i.e., F = -/ 


\F\ = |/| 


1 4*4 _ 1 /4\ 2 

4n sq L 2 4xeo \L' 


47. d. AC — sfll = BD 




\2\Fbc\ cos 45° = \F B o\ 


2t lC x i = ± x _4 t+ _l x * 


4ns / 2 s/2 4jre (l/s/2) 2 Ane (V21) 2 

4, 


Q =-!(]+ 2s/2) 


48. c. E = 


4tT£o r 2 

A _r __ (1.2 — 0)i* + (—1.6 — 0)y 

r- ' _ y(t. 2) 2 + (1.6) 2 

f = 1(1.2?- 1.6}) 


£ = 9 x 10’ x 


8 x 10“ 9 




£ = (-11 / + I4j) NC 


-1 


49. c. As E — 


I 


4jt£o (r - r 0 ) 3 
=S> 


(r ~ r 0 ) 


- 1 q 

E = -- .\r 

4jt£o r L 

Y 



SO. a. E = 


O/fi + Mfi = 0% 

Affi = r~? a — (Si — 5j) — (2 i + 3 j) 

= (6i - 8;) 

I? - ? 0 | = y/ 6 2 + 8 2 = 10 m 

£ = 9xl0 9 x 50xir6 
9 (10) 3 

£ = (2.7 1 — 3.6}) kNC -1 

|£|=4500NC“‘ 

4 ■ 


(61 - sj ) 


4ns 0 (r - r 0 ) 2 


(f ~ h) 
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~0% + Xi — 0 ^, 7v% — (P — ro) 


Y 



AB = (0 - 3)? + (—4 - 2)7 + (3 - 5)k 
= (-31 — 6 j - 2 k) m 
\AB\ = 79 + 36 + 4 = 7 m 

E = 9 x 10 9 x — (-3? - 6 j - 2k) 

E= ~ 9 * 4 ^ -(3l + 6j + 2fc) 

|£| = ^ x 10 3 NC-' 

51. b.|^| = |£»| = |£d = |£ 0 | = |£| 

£i=2x —'— 4 x sin 45° (4) 

4tt£o 



[+[— -^SK- ■> cos0 

UV y/\ dE sin 0 

Fig. 1.197 


field at P due to either element is 

Q 

1 nr( 2 


dE = 


Q 


4neo 


2 ir 2 £Qr 2 


dQ 


Resolving the fields, we find that the components alo.. 
PO sum up to zero and hence, the resultant field is along 
PB. 

Field at P due to pair of elements = 2dEsinO 

r n/2 


53. a. 


-L 

=2 l 


2d E sin 6 


Q 

2 tc 2 £o r 1 


sin Odd = 


Q 


n 2 £^r 2 


+ e 


Fig. 1.198 


g csy 



x' 


Fig. 1.195 

Similarly, taking charges at A and C 



Fig. 1.196 




B 


Ei — 


2 \f 2 TZE^Q 1 

Q 


(k) 


*/ 2 x£oa 7 


(k) 


52. a. Take PO as the jc-axis and PA as the y-axis. Consider 
two elements EF and E*F* of width dQ at angular distance 
q above and below PO , respectively. The magnitude of the 


Net force F ut{ = qE x 
k 


F = q- 




Amor 4jt£o^ 

54. b. Let us consider the electric field due to wire (3) only. 




0 \ 

© 

Fig. 1.199 


Ei = Eu 


2ne 0 (a 2 + a 2 y/ 2 

1 


(t cos45° + j cos 45°) 


-^0' +j) 


2 ^/2n£Qa -J 2 

Ei = --- (/ + j) 

47T£oa 

Similarly, electric field due to wires (1) and (2) 

£, = ~—~— (} + it) and £ 2 = (« + i) 


4 TCEqCI 

Ena = E\ + E 2 + El 


4 TTEqCI 
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- " '"'7, , * „ 

fi’ncl = --0 + j + k) 

2jV £qO 

« P kQrq 

55. c. F = ——— = — ma 

R 3 

^ “ ( Qq ) r 

XAnzomR* J 


a = — <£> r 


o> = . 


Qq 


47teomR' i 


56. a. Mean position; x = l 

F = - k(x -1), where k = mo) 2 
or qE - - ma) 2 (x - \) At x - \, E = 0 
To the right of x = 1, E is -ve, so towards left and to the 
left of x = 1, E is +ve. 


57. c. Following two arguments shall lead us to the right choice. 

i. Electric field at the center of the ring is zero. 

ii. Electric field is directed away from the ring. 

58. b. Following two arguments decide the right choice. 

i. Acceleration in zero at the origin and also at points which 
are far away from the origin. 

ii. The directions of acceleration on the sides of the origin 
are opposite. 


Multiple Correct 
Answers Type 


1. a., b., c., d. Charge on a\ = (n 0)X 

Charge on a 2 = ( r^X 

Ratio of charges = — 

>2 

K[(nO)k] KOI 

E\ (Field produced by a\) =- -= -=- 

rf r\ 

KOX 

E 2 (Field produced by ai) =- 

As r 2 > r\ therefore E\ > E% 
i.e., Net field at A is towards < 22 - 

v J = 5^) = m 

n 

v, = v/ 2 

2. c., d. The particle will oscillate or perform SHM if equi¬ 
librium is a stable one. For negative charge y equilibrium is 
stable if the particles are displaced along CD and unstable 
for displacement along AB. 


D 



Fig. 1.200 


For y < a, in displaced position, net resultant force to¬ 


wards equilibrium position is 

2x2 

F rcs = 2Fsin0 = * 


4 7T£o(a 2 + y 2 ) (a 2 + y 2 ) )n 


2 Qy 


[a » y] 


Fk s oc y , so SHM for y << a . 

For y ~ a, restoring force would be there, but F oc y. 
So, there is oscillatory motion but not SHM. 

q E 

3. b., c. Along X-axis, u x = u cos<9 => a x =- 

m 

Along T-axis, u y = w sin <9 => a y = -g 

Equation of motion along X- and T-axes would be 


. qE 2 

x — u cos $t -/ ; 

2m 


1 2 

y = it sin Ot — ~gt 


Solving above equations, we get an equation of the form 
Ax + By = Ct, which is a linear equation. 

Time of flight remains unchanged as vertical motion is 

not affected by E . Range of the particle in the present case is 
always less than U whatever be the value of E, 


g 

R = x f=T = u cos 9 x 


2 u sin $ 
g 


■ q i[ 


2u sinfl 


\_ 

2 

u 2 sin 29 
g 


4. a., d. £ is a vector quantity; Visa scalar quantity. 

5. b., c. Just draw the FBD of both charge particles and see 
whether force can be zero or not, on the particle. 


Assertion-Reasoning 
Type 


1. a. Force by electric field will be perpendicular to the dis¬ 
placements. 

2. c. If the field lines are curved, then the charge particle follows 
the straight line path along the direction of tangent drawn to 
electric field lines at its starting point. 

3. a. A body can be charged by the transfer of electrons only,. 

4. a. Reason truly explains the assertion. However, if charges 
are point, no induction will take place and they will never 
attract. 

5. a. Both the assertion and the reason are true, and the reason 
is correct explanation of the assertion. 


Comprehension 

Type 


For Problems 1-2 


1. b., 2. c. 

Sol. Charge on each ball =—^— = 20 pC 

Z 7 - 9 x 10 9 x (2 ° * 10 - = 14.4 N 
(0.50) 2 
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For Problems 3-5 
3. d., 4. a., 5. c. 
Sol. 


Q 

e 


'<3- 


Fn 

-O - 

Fig. 1.201 


0 

e 


For system to be in equilibrium net force on each charge 
should be zero, hence the third charge should be negative and 
it should be placed near q between (1) and (2). 

For equilibrium of (3) 

1 q_Q = \ QM 4 

4 7T£q X 2 47T£o (/ - x) 2 V * / 



For equilibrium of (1) 





E v — 0 =- -—-- sin 8\ 

y {0.0400 m) 2 


1 


42 


471SQ (0.0300 m> 


9 sin 0| 


sin <92 




9 3/5 27 

= —q\ -A- = —q\ = 0.843 |iC. 


16 ^ 4/5 64 


F3 =qiE x ~ qi 


1 

4rreo 


( __£j_ 1 , Si 

\ 0.0016 5 0.0009 5 ) 


56.2 N 


For Problems 9-10 
9. c., 10. b. 

Sol. Induced charge on the inner surface will be equal and 
opposite to the charge placed at the center. 


1 q4q _ 1 Qq 

4 neo l 2 4ns 0 x 2 


<2= 4^) 2 =4, 





q should be negative otherwise resultant force on Q cannot 
be zero. 


+ Q 



Fig. 1.204 

Equal amount of opposite charge as that of inner surface 
will be induced on the outer surface while net charge is zero 
on the ball. 

For Problems 11-12 
11. c., 12. a. 

Sol. The extra given charge will reside on the outer surface. 


i- 2 q 



As |F 2 | = |F 4 | = F(say) 

For force on Q to be zero 
IF cos 45° = Fi 

2 1 Qq 1 ^ 1 Q 2 . 

4jre 0 l 1 4tt£o (All) 1 

Q 

q 2V2 

For Problems 6-8 
6, c*j 7, b., 8. c. 

Sol. The four possible force diagrams are: 

Only the last picture can result in an electric field in the 
-jt-direction. 

q\ = -2.00 pC, q^ = +4.00 |iC> and qi > 0. 


Fig. 1.205 

For Problems 13-14 
13. c.> 14. c. 

Sol. As far as net charge induced on inner and outer sur¬ 
faces is concerned, it does not depend upon the location 
of point charge within the ball. 

For Problems 15-17 
15. a., 16. a., 17. b. 

Sol. a. Electric field at (2) tends to —oo, hence the charge 
at (2) should be negative. There is a neutral point to the 
right of charges, This is possible only when the charge at 
(1) should be positive. 

Hence, Q\ is positive and is negative. 

b. At neutral point, E\ — E 2 
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1 


Gi 


1 Ql 


Qa_ = /a + /V 

Qi \ a ) 


4nso (a + 0 2 4 jt £ 0 a 2 

c. Electric field at any position to the right of charges 

r* _ r r _ * 2 l 1 ^2 

4tT£ 0 +x) 2 4^ 0 Jt 2 

For maximum value of £ 

^ = 0 _4 d \ 1 61 1 62 

dx dx [4jr^o (l +x) 2 47T£o x 2 

Qi ±1L-q>< z*_„ 


]" 


1 (/ + X) 3 

Gi 


(l + x)* 

l _+l = (Ql\ 

* \qJ 


_ Qi fl + *\ 3 _ Q\ 

~ X 3 \ X ) - Ql 

■ -Hir- 


l 


x = — 
( 


«iy' 

<h) 


For Problems 18-19 
18. d., 19. b. 

Sol. The four possible diagrams are: 





The first diagram is the only one in which the electric 
field must point in the negative y-direction. 

q\ = —3.00 pC, and q 2 < 0. 

kq\ 5 kqz 2 12 


E,= 0 = 


kqi 


(0.050 m) 2 13 (0.120 m) 13 

kq\ 5 


(0.120 m) 2 (0.050 m) 2 12 

kq\ 


E-E,= 

kq\ 


12 
— + 


kq 2 


(0.05 m)' 


(0.050 m) 2 13 (0.120 m) 2 13 


E = E y = 1.17 x 10 7 NCT' 

For Problems 20-21 
20. b., 21. a. 

Sol. Ok = OB = OC = OD = a 

The magnitude of the electric force due to each charge 

* 1 Q 


is 


4jt€o a 2 -f h 2 



Fig. 1.208 

The components of the force perpendicular to OP sum 
up to zero because of the symmetrical distribution of charges 
about OP. Hence, the resultant force at P is upward along 
OP. The magnitude of force is given by 


1 Q 

^u P = 4 x - l2 , 2 cosfl 

4tT£o h 2 + 


Qh 


7t£ 0 (h 2 + a 2 ) V/i 2 + a 2 7T£o(^ 2 + ^ 2 ) 3/2 

Fdown = weight = mg 

Qh 


For equilibrium, mg — 


7 T£o(/l 2 + Cl 2 )*/ 2 


=» Q = *c 0 ^(A 2 +tf 2 ) 3/2 

h 

Yes, this is a stable equilibrium as it will regain its posi¬ 
tion if displaced a little. 

For Problems 22-25 
22. c., 23. b., 24. c., 25. d. 

Sol. 

a. Passing between the charged plates, the electron feels a 
force upward and just misses the top plate. The distance it 
travels in the y-direction is 0.005_m : 

Time of flight = t = 


0.0200 m 


1.60 x I0 6 m/s 
= 1.25 x I0" 8 s 

and initial y-velocity is zero. 

1 o 

Now, y = v 0y t + -at* 

So, 0.005 m = ^a(1.25 x KT 8 s) 2 
a ~ 6.40 x 10 n 'ms -2 

f 

But also, a — — — — 
m m e 


E = 


(9.(1 x I0- 31 kg)(6.40 x 10» 3 ms“ 2 


1.60 x 10- ,9 C 


= 364 NC 
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b. Since the proton is more massive, it will accelerate jess, 
and NOT hit the plates. To find the vertical displacement 
when it exits the plates, we use the kinematic equations 
again: 

1 1 eE s - 

y = -at 1 = - — (1.25 x 10- 8 s) 2 

2 2 m p 

= 2.73 x 10“ 6 m 


c. As mentioned in (b), the proton will nothitoneoftheplates 
because although the electric force felt by the proton is the 
same as the electron felt, a smaller acceleration results for 
the more massive proton. 

The acceleration produced by die electric force is much 
greater than g\ it is reasonable to ignore gravity. 

For Problems 26-27 


26. c.,27.d. 

^ n 2 sin 2 0 

Sol. d = —--, 

2a 



qE 

m 



+ + + + + /J + + + + + 


Fig. 1.209 


d = 


mu 2 sin 2 45° 
2 ~qE 


d = 


K 

2qE 


=3* E 


K 

2 dq 



a 



= 4d 


For Problems 28-29 
28. a., 29. a. 

Sol. a. qE — mg q x 6.8 x 10 5 = 1.08 x 10~ l4 g 
=}q=6 .40 x 10 19 

b. q = ne =$ 6.4 x 10 -19 = n x 1.6 x 10 -19 => n = 4 


Matching 
Column Type 


1. i. -> a., c., d. ii. -> a., b., d. iii. —> a., b., d. iv. —► 

c., d. 

Sol. In case of stable equilibrium, the potential energy is min¬ 
imum and in case of unstable equilibrium potential energy is 
maximum. 

Cases (i) and (iv) are the cases of stable equilibrium, 
hence answers are (a), (c) and (d). Cases (ii) and (iii) are the 
cases of unstable equilibrium hence answers are (a), (b) and 
(d). 

2. i. —► a., b., c., d. ii. —► a., b., d. iii. -¥ a., b., d. iv. —► 

a., b., c., d. 

Electrostatic force and gravitational force are conser¬ 
vative, action-reaction forces. Also, they depend upon the 
nature of the medium between interacting objects. The prin¬ 
ciple of superposition is applicable if all the forces acting on 
an object have the same nature. 

3. i. -» a., c. 5 d. ii. -» a. ? b. iii. —► a., b. ? c., d. iv. -> a M 
c., d. 

Electrostatic forces or the Coulombic force exist be¬ 
tween charged bodies- Gravitational force exists between all 
bodies. Strong force exists between particles inside the nu¬ 
cleus* 

4. i. —► b. ii. —» a. iii. —> d. iv. —► c. 

Charge always needs mass to reside. Mass may or may 
not be charged. Charge is a coserved quantity but mass is not. 

5. i. c. ii. a. iii. d. iv. -v b. 

=> [e 0 ] = [M'L- 2 T 4 A 2 ) 

k = Dimensionless 

C 1 

E =-=>[£] = [M x Ot~ 2 Q-'] 

q 

= [m'l't~ 2 a~ ] t~'] 

= [M l L ] T-*A~ ] )s 


[F] = [ M'L l T~ 2 ] 
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ELECTRIC FLUX 

The electric flux through a surface is a description of whether 
the electric field points into or out of the surface . 


1 3 \ 3 



Fig. 2.1 shows a fluid flowing steadily from left to right. Let 
us examine the volume flow rate dVidt (in, say, cubic meters per 
second) through the wire rectangle with area A. When the area is 
perpendicular to the flow velocity [as shown in Fig. 2.1(a)] and 
the flow velocity is the same at all points in the fluid, the volume 
flow rate dVidt is the area A multiplied by (he flow speed u 


A 


s 


/ 




0 = 0 

r 

pL 


C, 





fc- J 

\ / 

►/l 

w 




V . * 


[/ * 


(a) Surface face on to decide field E and A parallel 
angle between £ and A is $ ~ 0 flux <t>% - £ ■ / = EA 



(b) Surface tilled from facc-on orientation by an angle ^ 
angle between E tfnd A is 0 flux 0/; = E ■ A = EA cos ^ 

Fig. 2.2 

When the rectangle is tiffed at an angle (j> (as shown in Fig. 
2.1(b)) so that its face is not perpendicular to u, the area that 
counts is the silhouette area that we see when we look in the di¬ 
rection of u. This area, which is outlined in red and labeled A j. 
in Fig. 2.1(b), is the projection of area A onto a surface perpen¬ 
dicular to v. Two sides of ihe projected rectangle have the same 
length as The original orie, hut the other two are foreshortened 
by a factorofcos^. so the projected area A ^ is equal to A cos 
Thus, the volume flow rate through A is 
dV 

— = vA cos 4 > 
dr 

— 90°, dVidt = 0; the wire rectangle is edge-on to the 
flow, and no fluid passes through the rectangle. 


Also, vcos^ is the component of the vector v perpendicular 
to the plane of area A. Calling this component weean rewrite 
dV 

the volume flow rate as — = uj_ A. 

dt 

Weean express the volume flow rate more compactly by using 
the concept of vector area A, a vector quantity with magnitude 
A and direction perpendicular to the plane of the area we are 
describing. The vector area A describes both the size of an area 
and its orientation in space. In terms of A, we can write the 
volume flow rate of fluid through the rectangle in Fig. 2.1(b) as 
a scalar (dot) product; 



Using the analogy between electric field and fluid flow, we 
now define electric flux in the same way as we have just defined 
the volume flow rate of a fluid. 

Roughly speaking, we can picture Q>e in terms of the field 
lines passing through A (Fig. 2.2). 

We generalize our definition of electric flux for a uniform 
electric field to 

= EA cos <j> (electric flux for uniform, flat surface) (i) 
Since E cos <p is the component of E perpendicular to the area, 
we can rewrite equation (i) as 

= E]_A (electric flux for uniform, flat surface) (ii) 
In terms of the vector area A perpendicular to the area, we 
can write the electric flux as the scalar product of E and A; 

<t>£ = E ■ A (electric flux for uniform, flat surface) (iii) 
A surface has two sides> so there are two possible directions 
for /?. We must always specify which direction of A we choose . 
Fora closed surface, we will always choose the direction of A to 
be outward , and we will speak of the flux out of a closed surface. 
Thus, what we called “outward electric flux ” corresponds to a 
positive value of 4>^ and what we called “inward electric flux*’ 
corresponds to a negative value of 

Find A ux the electric field through 
each of the five surfaces of the inclined plane as shown in Fig. 
2.3. What is the total flux through the entire closed surface? 





So). Note that flux through the faces ABF , CDE and BCEF is 
zero. Area vector of face ABF points in the positive z-direction, 
area vector of CDE points in ihe negative z-direction and area 
vector of BCEF points in the negative y -direction. In all the three 
cases, field E is normal to area vector. 

Flux through face ABCD (Fig. 2.4(b)): 

Magnitude of area vector of face ABCD = ob 

4>e — E 1 A = E(ab) cos (90° — 6 ) = Eab sin 0 
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Fig. 2.4 


Flux through face ADEF (Fig. 2.4(c)): 

Magnitude of area vector of face 

ADEF = (a sin 6)b = ab sin# 

4>e = E cos 180° (ci£sin0) = —Eab sin# 

Thus, we obtain 

( <Pe)abf = 0 . (4>e)cde = 0 . (<Pk)bcef — 0 . 
(4>e)abcd = +Eab$\n& and (4>e)aoef = — Eabs\r\$, 

Flux is a scalar quantity* therefore total flux is algebraic sum 
of flux through each surface. 

0tOlal — (4>e)aBF -1" (4>e)cDE + (4>E)BCEF 

~V(<t>E)ABCD + (4>e)aOEF 

= 0 + 0 -h0 + Eab sin# — Eab sin# = 0 

• Note that the contribution to the flux for a closed surface 
i$ positive for the surface where the field is directed out 
C ABCD ) and negative for the surface where the field is 
directed into the surface (ADEF). 

• The net flux for this closed surface can also be seen to 
be zero from examination of the field lines. If the field is 
uniform, the number of lines that enter the closed surface 
equals the number of lines that come out. 

• The flux of a constant vector through any closed surface is 
zero. 

Consider a cylindrical surface of radius 
R y length / Jn a uniform electric field E> Compute the electric 
flux if the axis of the cylinder is parallel to the field direction. 

Sol. We can divide the entire curved surface into three parts, 
right and left plane faces and curved portion of its surface. Hence, 
the surface integral consists of the sum of the three terms: 

<t> E = <f E>dA= f EdA+f E dA+ f EdA 

J J left end J right end ./curved 



- *£ 

Fig. 2.5 


All (he area elements on the left end and electric field E are 
at an angle of 180° 

(*pF. )lcf( end = ® E ■ d A = ® EdA cos 180° 

J\ct\ end J left end 

= -E(b_ <1A = -EnR 1 

J) cfl end 

Note that E is constant over the entire plane surface of left end; 
therefore we take it out from the integral. 

Similarly, all the area elements on the right end are parallel to 
electric field E> he., angle is 0°. 

(0£)righ[cnd = (f> E - dA = ® E dA cos0° 

J right end bright end 

= +E<f dA = EnR 2 

./rijdu end 

Finally, at every point on the curved surface the area vectors 
are perpendicular to the direction of the electric field. Thus, 


(0/r)curvcd = <j> £ ■ dA = d> EdA (cos 90°) = 

J curved surface ./curved surface 

Total flux — (0fr)righiend “b (^A')lcfiend H" (^&')curved surface 

= (+EjvR 2 ) + (-EttR 2 ) + 0 = 0 
Hence, we see that in a uniform field the flux through a closed 
surface is zero. This is true for any shape of closed surface. 

A point charge q is placed ata distance ^ 

from the centre of a square of side a as shown in the Fig. 2.6. 
Calculate the electric flux passing through the square. 

Sol. 

• This problem can solved by symmetry consideration and 
Gauss Law. 



Fig. 2.6 

• We can enclose the charged particle by a cube of side V 
and keeping the particle at the centre of the cube. 

q 

• Ti \c total flux passing through the close cube = —- 

*0 

































2.4 Physics for 1IT-OEE: Electricity and Magnetism 


• All the six surfaces are symmetrical with respectto charge, 
hence they will have equal contribution of the flux. So, flux 

4> Q 

through any one face: <j> f — — — -—. 

6 O£o 




In Fig. 2;7, shown a charge q is placed at 
a distance 5^0 near one of the edges of a cube of edge / on 
a line of symmetry along diagonal. 



Fig. 2.7 


1. What is flux through each of the faces containing the point 
a? 

2, What is the flux through the other three faces? 

Sol. Use of symmetry consideration may be useful in problems 
of flux calculation. 





• We can imagine a charged particle is placed at the centre 
of a cube of side 21. 

q 

• The flux enclosed with the cube <j> — —. 

£q 


• The flux passing through one of the face of the cube 

6 6e 0 

• Hence, the flux passing through the face bcgf 

= <t>' = q 

4 24£o 

• Each of the face ( efgh\ (bcgf) and (dcgh) are symmetri¬ 
cal with respect to charge. Hence, the flux passing through 

q 

each of the face is ——. 

24 £q 

• The electric field lines for the faces (efgh) y (bcgf) and 
(dcgh) are away from the faces. Hence, the flux associated 

/ q 

with each of the faces will be positive I i.e„ + —— 

V 24s 0 

3 x q q 

• Hence, total flux through these sides = —— = —. 

6 24^o 8£ 0 

• As 5 -> 0,wecansay the faces (abcd) ) (abf e) and (adhe) 
are also symmetrical about charge. Charge is slightly out¬ 
side the cube. 


• The number of electric field lines which are passing 
through the faces which do not contain the point a are 
same as the number of electric field lines passing through 
the faces containing the point a. 




Hence, same amount of flux will pass through the faces 

q 

containing the point a: i.e., -—. 

o£o 

The electric field lines are towards the faces containing the 

q 

points. Hence, the flux will be negative, i.e., <£" —-. 

8^o 

Hence, the flux through each of the faces containing the 
4>" q 

point V will be — — — ——. 

3 24£q 


Your Task: Repeat Illustration 2.4 if the charge.is exactly 
at the comer of the cube given. 


Concept Application Exercise 2.1 


1. A charge Q is distributed uniformly on a ring of radius r. 
A sphere of.equal radius r is constructed with its centre at 
the periphery of the ring. Find the flux of the electric field 
through the surface of the sphere. 



Fig. 2.9 

2. Figure 2.10(a) shows an imaginary cube of edge L/2. Auni- 
formly charged rod of length L moves towards left at a small 
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but constant speed u. At t = 0, the left end just touches the 
centre of the face of the cube opposite it. Which of the graphs 
showin in Fig. 2.10(b) represents the flux of the electric field 
through the cube as the rod goes through it? 


6. In which position (A, B> C or D) of second charge the flux of 
the electric field through the hemisphere remains unchanged? 

*B 


Flux 



m ^ » 

(a) (b) Time 

Fig. 2.10 


3. A hemispherical body is placed in a uniform electric field 
E. What is the flux linked with the curved surface, if the 
field is (a) parallel to base of the body [Fig. 2.11(a)]; 

(b) perpendicular to base of the body [Fig. 2.11(b)]; and 

(c) perpendicular to the curved surface at eveiy point as in 
Fig. 2.11(c). 



D <1 A 


Fig. 2.13 

7. A point charge Q is located just above the centre of the flat 
face of a hemisphere of radius R as in Fig. 2.14, What if 




(a) 




Fig. 2.11 

4. What is the field in the cavity, if a conductor having a cavity 
is charged? Does the result depend on the shape and size of 
cavity or conductor? 

5. Fig. 2.12 shows a closed surface which intersects a 
conducting sphere. If a positive charge is placed at the point 
P , find the sign of flux passing through the curved surface S. 



a. through the curved surface, and 

b. through the flat face? 

c. Repeat parts (a) and (b) if the charge is exactly at thecentre. 
8. In Fig. 2.15, a cone lies in a uniform electric field E. 

Determine the electric flux entering the cone. 



9. A uniform electric field at + bj intersects a surface of area 
A. What is the flux through this area if the surface lies; (a) in 
the yz plane? (b) in the xz plane? (c) in the xy plane? 

10. a. A point charge q is located a distance d from an infinite 

plane. Determine the electric flux through the plane due 
to the point charge. 

b. A point charge <7 is located at a very small distance 
from the center of a very large square on the line perpendic¬ 
ular to the square and going through its center Determine 
the approximate electric flux through the square due to the 
point charge. 

11. Calculate the total electric flux through the paraboloidal sur¬ 
face due to a uniform electric field of magnitude Eo in the 
direction shown in Fig. 2,16, 
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12. Consider a closed surface of arbitrary shape as shown 
in Fig, 2.17. Suppose a single charge Q\ is located at some 
point with in the surface and second charge Q 2 is located 
outside the surface 



Fig. 2.17 

a. What is the total flux passing through the surface due 
to charge Q 1 ? 

b. What is the total flux passing through the surface due 
to charge QA 

13. If Coulomb's law involved 1/r 3 (instead of Mr 2 ) would 
Gauss's law be still true? 


GAUSS'S LAW 


Gauss*s law is an alternative to Coulomb*s law . While com¬ 
pletely equivalent to Coulomb’s law , Gauss* law provides a dif¬ 
ferent way to express the relationship between electric charge 
and electric field. 

Gauss's law states that the total electric fiux through a closed 
surface is proportional to the total electric charge enclosed within 
the surface. This law is useful in calculating field caused by 
charge distributions that have various symmetry properties. 

Mathematically. Gauss’s Law can be written as 

<j> = S E ■ d A = — 
eo 

We once again emphasise that the electric field appearing in 
the Gauss's law is the resultant electric field due to all the charges 
present inside as well as outside the given closed surface. On 
the other hand, the charges q\ n appearing in the law are only the 
charges contained within the closed surface. The contribution of 
the charges outside the closed surface in producing the flux is 
zero. A surface on which Gauss’s law is applied is sometimes 
called the Gaussian surface (Fig. 2.18). 



Fig. 2.18 


Caution: Remember that the closed surface in Gauss's law is 
imaginary; there need not be any material object at the position 


of the surface. We often refer to a closed surface used in Gauss’s 
law as a Gaussian surface (Fig. 2.19), 



Projection of an element of area dA of 
a sphere of radius R onto a concentric 
sphere of radius 2R. The projection 
multiplies each linear dimension by 2. 
so the area element on the larger 
sphere is 4 dA. The same number of 
field lines and the same fiux pass 
through these two area elements. 



(a) 

Spherical Gaussian surface around 
positive charge; positive (outward) 
flux. 



entering surface Same field line 
leaving surface 

A point charge outside a closed 
surface that encloses no charge. If an 
electric field line from the external 
charge enters the surface at one point, 
it must leave at another. Figure 
illustrates this point. Electric field 
lines can begin or end inside a region 
of space only when there is charge in 
that region. 



Spherical Gaussian surface around 
negative charge; negative (inward) 
flux. 


Fig. 2.19 


Note that the electric field in the expression^ E ■ dA = — is 

the resultant field at any point on the Gaussian surface, whereas 
g; n is the charge enclosed by the Gaussian surface. Consider the 
two Gaussian surfaces A\ and A 2 as shown in Fig. 2.20, 



Fig. 2.20 


Charge Q lies at the center of the Gaussian surface A\. For 

Q 

surface A i, the net flux through A \ is —. For surface A 2) charge 

£0 

Q is outside A 2 so that the net flux through A 2 is zero. Note that 
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the field lines that enter the Gaussian surface Aj (net flux in) 
also leave it (net flux out). 




Fig. 2.21 


Problem Solving Strategy 

Identify the relevant concepts: Gauss's law is most useful 
in situations where the charge distribution has spherical 
or cylindrical symmetry or is distributed uniformly over 
a plane. In these situation, we determine the direction of 

E from the symmetry of the charge distribution. If we are 

given the charge distribution, we can use Gauss' law to 
—► 

find the magnitude of E< Alternatively, if we are given the 
field, we can use Gauss's law.to determine the details of 
the charge distribution. In either case, begin your analysis 
by asking the question, “What is the symmetry?" 

The problem uses the following steps : 

1. Select the surface that you will use with Gauss's law. 
We often call it a Gaussian surface. If you are trying to 
find the field at a particular point, then that point must 
lie on your Gaussian surface. 


Charge 

Distribution 

Gaussian 

Surface 

Electric 

Field 

Point charge 

Spherical 

Radial 

Spherical charge 
distribution 

Spherical 

Radial 

Line of charge 

Cylindrical 

Radial 

Planer charge 

Plane parallel 
to charge 
distribution 

Normal to surface 


2. The Gaussian surface does not have to be a real physical 
surface, such as a surface of a solid body. Often the 
appropriate surface is an imaginary geometric surface: 
it may be in empty space, embedded in a solid body, or 
both. 

3. Usually, you can evaluate the integral in Gauss's law 
(without using a computer) only if the Gaussian sur¬ 
face and the charge distribution have some 1 symmetry 
property. If the charge distribution has cylindrical or 
spherical symmetry, choose the Gaussian surface to be 
a coaxial cylinder or a concentric sphere, respectively. 


FIELD OF A CHARGED CONDUCTING SPHERE 

We place positive charge ^ on a solid conducting sphere with 
radius R (as shown in Fig. 2.22). All the charges must be on the 
surface of the sphere. 


Parts of 

Gaussian surfaces 



Under electrostatic conditions ihc electric field 
inside a solid conducting sphere is zero. Outside 
the sphere the electric Held drops off as l/r 2 , as 
though all the excess charge on sphere were 
concentrated at its centre. 

FJg. 2.22 

Selection of Gaussian Surface 

The system has spherical symmetry. To take advantage of the 
symmetry, we take as our Gaussian surface an imaginary sphere 
of radius r centered on the conductor To calculate the field out¬ 
side the conductor, we take r to be greater than the conductor’s 
radius R\ to calculate field inside, we take r to be less than R . 
In either case, the point where we want to calculate E lies on 
Gaussian surface. 

Electric Field Outside the Sphere 

We first consider the field outside the conductor, so we choose 
r > R. The entire conductor is wiihin the Gaussian surface, so 
the enclosed charge is q, The area of the Gaussian surface is 
4 nr 2 3 \ E is uniform over the surface and perpendicular to it at 
each point. The flux integral <f Ej_<lA in Gauss's law is therefore 
just E {Am' 2 ) which gives 

E (Anr 2 ) — — 

£o 

or E — —^—— (outside a charged conducting sphere) 

Aneq r ■ 

This expression for the field at any point outside the sphere 
(r > R) is the same ns for a point charge; the field due to the 
charged sphere is the same as though the entire charge were 
concentrated at its center. Just oulsidc the surface of the sphere, 
where r = /?, 
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E = -J— — 

4 7T£q R 2 

(at the surface of a charged conducting sphere) 

Electric Field Inside the Sphere 

We know that extra charge on a conductor lies on its outer sur¬ 
face. So there is no charge inside the Gaussian surface* i.e. p 
q in = 0 (Fig. 2.23). 

/ E ■ dA — 0 ^ E4nr^ = 0 => E — 0 



Fig. 2.23 

Hence, at a point inside the sphere, electric field js zero. 

FIELD OF A LINE CHARGE 

Electric charge is distributed uniformly along an infinitely long, 
thin wire. The charge per unit length Is X. (assumed positive), 
known as linear charge density. 


two ends. Finally, we need the total enclosed charge, which is 
the charge per unit length multiplied by the length of wire inside 

the Gaussian surface, or Gcnci = XI. From Gauss’s law, 

IX 

<t> f = (E)(2yrrl) - — and E = -- 

Co 2 jt Co r 

(field of an infinite line of charge) 

We have assumed that A is positive. If it is negative, E is 
directed radially inward toward the line of charge, and in the 
above expression for the field magnitude E we must interpret X. 
as the magnitude (absolute value) of the charge per unit length. 



FIELD OF AN INFINITE PLANE SHEET OF 
CHARGE 

Lei us consider a thin, flat, infinite sheet on which there is a 
uniform positive charge per unit area a. 


Selection of Gaussian Surface 

The system has cylindrical symmetry. This properly suggest that 
we use as a Gaussian surface a cylinder with arbitrary radius r 
and arbitrary length L with its ends perpendicular to the wire 
(Fig. 2.24), We break the surface integral for the flux <& E into an 
integral over each flat end and one over the curved side walls. 



There is no flux through the ends because E lies in the plane 
of the surface. To find the flux through the side walls, note that 
E ; s perpendicular to the surface at each point; by symmetry, 
E has the same value everywhere on the walls (curved surface). 
The area of the side walls is 2 nrl. (To make a paper cylinder 
with radius r and height /, you need a paper rectangle with width 
2 nr and height /, so area 2 nrl (Fig. 2.25)). Hence, the total flux 
<&e through the entire cylinder is the sum of the flux through the 
side walls, which is (E)(2nrl) i and the zero flux through the 


Selection of Gaussian Surface 

To take advantage of these symmetry properties, we use as our 
Gaussian surface a cylinder with its axis perpendicular to the 
sheet of charge, with ends of area A (Fig. 2.26). 

The charged sheet passes through the middle of the cylinder’s 
length, so the cylinder is perpendicular to the surface; hence 
the flux through each end is EA. Because E is perpendicular to 
the charged sheet, it is parallel to the curved side walls of the 
cylinder, and there is no flux through these walls. 



The total flux integral in Gauss’s law is then 2 EA (EA from 
each end and zero from the side walls). The net charge within 
the Gaussian surface is the charge per unit area multiplied by 
the sheet area enclosed by the surface, or Gcnci = gA. Hence, 
Gauss’s law gives 

2 EA = — 

£o 
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or E = -— (field of an infinite sheet of charge) 

If the charge density is negative, E isdirected toward thesheet, 

the flux through the Gaussian surface in figure is negative, and 
a 

in the expression E = -—, a denotes the magnitude (absolute 
2^o 

value) of the charge density. 

The assumption that the sheet is infinitely large is- an ideal¬ 
ization; nothing in nature is really infinitely large. But the result 

<j 

E = -—is a good approximation for points that are close to the 

sheet (compared to the sheet's dimensions) and not too near its 
edges. At such points, field is very nearly uniform and perpen¬ 
dicular to plane. 


FIELD AT THE SURFACE OF A CONDUCTOR 

To find a relation between c at any point on the surface and the 
perpendicular component of the electric field at that point, we 
construct a Gaussian surface in the form of a small cylinder (as 
shown in Fjg. 2.27). 



Selection of Gaussian Surface 

The system is spherically symmetric. To make use of this sym¬ 
metry, we choose as our Gaussian surface a sphere with radius 
r, concentric with the charge distribution. 

Electric Field Inside the Sphere 

From symmetry, the magnitude E of the electric field has the 
same value at every point on the Gaussian surface, and the direc¬ 
tion of E is radial at every point on the surface. Hence, the total 
electric flux through the Gaussian surface is the product of E and 
the total area of the surface A = 47rr 2 , that is, $>e = 47 tt 2 £. 



The amount of charge enclosed within the Gaussian surface 
depends on the radius r. Let us first find the field magnitude in¬ 
side the charged sphere of radius R\ the magnitude £ is evaluated 
at the radius of the Gaussian surface, so we choose r < R< 

The volume charge density p is the charge Q divided by vol¬ 


ume of the entire charged sphere of radius R\ p = 


Q 

AnR^/3' 


The field just outside ft charged conductor is perpendicular to 
the surface arid its perpendicular component E± is equal to 


Fig. 2.27 


One end face, with area A , lies within the conductor and the 
other lies just outside. The electric field is zero at all points 
within the conductor Outside the conductor the component of 
E perpendicular to the side walls of the cylinder is zero, and 
over the end face the perpendicular component is equal to 
(If a is positive, the electric field points out of the conductor and 
E± is positive; if <j is negative, the field points inward and E± 
is negative.) Hence, the total flux through the surface is £±A. 
The charge enclosed within the Gaussian surface is a A. So from 
Gauss's law, 

Ei A — - 


or E x — — (field at the surface of a conductor) 

We can check this with the results we have obtained for spher¬ 
ical, cylindrical, and plane surfaces. 


FIELD OF A UNIFORMLY CHARGED SPHERE 

Positive electric charge Q is distributed uniformly throughout 
the volume of an insulating sphere with radius R. 


Qcnd - pVmd - (4*^/3) G* r3 ) ~ q & 

Then using Gauss's law, = / E ds 

£0 

Efds = E4nr 2 = 

J eo R 3 


Ajrso R 3 

(field inside a uniformly chaiged sphere) 
The field magnitude is proportional to the distance r of the 
field point from the center of the sphere (Fig. 2.28). 

At the center (>■ = 0), E = 0. 

Electric field in terms of charge density (at inside point) 

c > ('y* 3 )' ^ 

47T£ 0 3e 0 


=> E = (field insidea uniformly charged sphere) 

3fo 

To find the field magnitude outside the charged sphere: We 
use a spherical Gaussian surface of radius r > R. This surface 
encloses the entire charged sphere, so Q cnc \ = Q and Gauss's 
law gives 

E47tr 2 = — 

Co 
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or E — (field outside a uniformly charged sphere) 

For any spherically symmetric charged body* the electric field 
outside the body is the same as though the entire charge were 
concentrated at the center. 


ELECTRIC FIELD DUE TO A LONG UNIFORMLY 
CHARGED CYLINDER 

Consider a long uniformly charged cylinder of volumetric charge 
density p and radius R. 




i i 



(At point r < R) (At point r > 

Fig. 2.29 


For any point r < R or r > /?, the Gaussian surface will be 
cylindrical as shown in Fig. 2.29. For any point inside the cylin¬ 
der (r < R) t 

£q so 


e = t~ 
2s 0 


E a r 


For any point outside the cylinder (r > R) 
q_m 

£q £o 




E = 


R 2 


2 e 0 r 


E <x ~ 

r 


Electric field inside the long uniformly charged cylinder varies 
lineary, i.e., E oa r and outside the cylinder the electric field 

varies inversely to the distance from the axis, i.e., E cx - (See 
Fig. 2.30). 


ELECTRIC FIELD NEAR UNIFORMLY VOLUME 
CHARGED PLANE 


Let there be charge distributed uniformly in an infinite plane of 
thickness d with the volume charge density p. Due to symmetry 
the electric field will be normally away and same in magnitude 
at same distances from the plane of symmetry. 


Field Inside the Plane 


Consider the Gaussian surface of Lhe form of a cylinder of area S 
and thickness 2 r (< d) placed symmetrically (Fig. 2.31). On the 
curved surface, flux of electric field will be zero as the area vector 
is perpendicular to the field vector. On left and right surfaces, 
flux is positive (outcoming flux). Hence, 


§EdS = 
s 


5inclosed 
*0 


where <p EdS = <p EdS + ® 

J J J 

EdS + 0 

S Left Right 

P P P 


=^(DEdS = E(pdS J rE <p 

dS qj n = pV — pS'l 

i / J J 

S Top Bottom 

=> <£ EdS = 2ES = S( ' 2r)p 

J So 



s 


=$ E = — (field insidea uniformly charged plane) 

£o 

Hence, electric field inside the plane sheet is directly 

proportional to distance of point r from the central plane. 



Plane of symmetry 




Fig. 2.31 
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Now, consider the Gaussian surface of the form of a cylin¬ 
der of area S and thickness 2 r (> d) placed symmetrically. On 
the curved surface, the flux of electric field will be zero as the 
area vector is perpendicular to the field vector. On left and right 
surfaces, flux is positive (outcoming flux). Hence, 

^inclosed 


<j> EdS = 
s 


where <^> E dS 
s 




= <j)~E dS + j> 


EdS 4- (f> EdS + Q 

Top Bottom 


=S> <( EdS = E j 




Left 


/ 

Right 


dS + E dS 


Sdp 

<h EdS = 2ES = - - 

J 

5 


-(s)f 


(field outside uniformly charged plane) 



-L- 

Hence, the electric field outside the plane sheet ( r * f) is 

constant and does not depend on the distance of point r from the 
central plane (See Fig. 2.32). 


APPENDIX 

Solid angle: It is the cone subtended by an area at the point of 
interest (See Fig. 2.33). The magnitude of solid angle subtended 
by an area S at a point is defined as 


Q 


r cos o 

= J ~ 


ds 



Fig. 2.33 

at its center. Therefore, total solid angle around a point in space 
is the solid angle subtended by entire spherical surface on its 
center. 


£ 2 q 


4ttR 2 
R 2 


Solid angle subtended by a disk at a point on its axis: 

Consider a coaxial area element of radius x and thickness dx 
(See Fig. 2.34). dS = 2nxdx 

Solid angle subtended by this element at point P is 

dScosO Inxdxa 

dQ = —--— => dQ =- t 

(x 2 + a 2 ) (x 2 + a 2 )Vi j 2 + x 2 



Fig. 2.34 


Hence, total solid angle subtended by the disk is 

* 2 xdx ( i 

ft = na f —r— —=s> Q - 2na (- 

i (. x 2 +a 2 jV 2 V Va 2 +Wo 

=> = 2 jt (1 - - ) 

V -Ja 2 + R 1 ) 

Q = 27r (1 — cos a)\ where a. is the semi vertical angle of the 
cone subtended by the disk at P . 


Concept Application Exercise 2.2 


1. Fig. 2.36 shows the field produced by two point chatges +q 
and —q of equal magnitude but opposite sign (an electric 
dipole). Find the electric flux through each of the closed 
surfaces A , B, C and D. 



Fig. 2.35 

2. The three small spheres as shown in Fig. 2.36 carry charges 
q i=4 nC, q 2 = —7.8 nC and q-± = 2.4 nC. Find the 
net electric flux through each of the following closed 
surfaces shown in cross section in the figure. 

a. S) b. S 2 

c. S 3 d. 54 

e. £5 

Do your answer to parts from (a) to (e) depend on how the 
charge is distributed over each small sphere? Why or why 
not? 


= 4jt steradian 
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Surface Whal it cncJoses 
S\ q\ 

5 2 qi 

53 q\ and qi 

5 4 q\ and q^ 
q\ and qi and q$ 

Fig. 2.36 

3. A conducting sphere carrying charge Q is surrounded by' 
a spherical conducting shell. 

a. What is the net charge on the inner surface of the 
shell? 

b. Another charge q is placed outside the shell. Now* 
what is the net charge on the inner surface of the 
shell? 

c. Tf q is moved to a position between the shell and the 
sphere, what is the net charge on the inner surface of 
the shell? 

d. Are your answers valid if the sphere and shell are not 
concentric? 

4. A solid insulating sphere of radius a carries a net positive 
charge 3Q, uniformly distributed throughout its volume. 
Concentric with thissphere is a conducting spherical shell 
with inner radius b and outer radius c, and having a net 
charge —Q , as shown in Fig. 2.37. 


Fig. 2.37 

a. Consider a spherical Gaussian surface of radius r > 
c 3 the net charge enclosed by this surface is. 

b. The direction of the electric field at r > c is 

c. The electric field at r > c is. .. 

d. The electric held in the region with radius r,where 
c > r > b is .. 

e. Consider a spherical Gaussian surface of radius r, 
where c > r > b t the net charge enclosed by this sur¬ 
face is 

f. Consider a spherical Gaussian surface of radius r, 

where b > r > a , the net charge enclosed by this sur¬ 
face is . . _ 

g. The electric field in the region b > r > a is 

h. Consider a spherical Gaussian surface of radius r < 

a. Find an expression for the net charge, Q(r) enclosed 
by this surface as a function of r. Note that the charge 
inside this surface is less than 32* 

i. The electric field in the region r < a is 

j. The change on the inner surface of the conducting 
shell is 


k. The charge on the outer surface of the conducting 

shell is _. 

l. Make a plot of the magnitude of the electric field vs 
r . 

5. A small conducting spherical shell with inner radius a and 
outer radius b is concentric with a larger conducting sphere- 
ical shell with inner radius c andouterradius d. The inner 
shell has total charge +2 q and the outer shell has charge 
+4 q. 

a. Make a plot of the magnitude of the electric field vs 
r . 

b. Calculate the electric field (magnitude and direction 

in terms of q and the distance r from the common 

centre of the two shells for (i) r < a \ (ii) a < r < b 

(iii)£ < r < c\ (iv)c < r < d\ (v)r > d . Show you 

—> 

results in a graph of the radial component of E as 
function of r. 

c. What is the total charge on the 

i. inner surface of the small shell; 

ii. outer surface of the small shell; 

iii. inner surface of the large shell; 

iv. outer surface of the large shell? 

6 . Which of the following statements is/are correct? 

a. Electric field calculated by Gauss law is the field due 
to only those charges which are enclosed inside the 
Gaussian surface. 

b. Gauss law is applicable only when there is asymmet¬ 
rical distribution of charge. 

c. Electric flux through a closed surface is equal to total 
flux due to all thecharges enclosed within that surface 
only. 

7. Which of the following statement is correct? If E - 0, at 
all points of a closed surface 

a. the electric flux through the surface is zero. 

b. the total charge enclosed by the surface is zero. 

c. no charge resides on the surface. 

8 . Ahollowdielectricsphereas shown inFig.2. 38 has inner 
and outer radii of R\ and Ri* respectively.The total charge 
carried by the sphere is + 2 » this charge is uniformly dis¬ 
tributed between R] and /? 2 - Then* 



a. the electric field for r < R\ is zero. 

b. the electric field for R\ < r < Ri is given by 

c. the electric field for r > R 2 is given by .... 
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9. A ring of diameter d is rotated in a uniform electric field 
until the position of maximum electric flux is found. The 
flux is found to be <p. What is the electric field strength? 

10. Two infinite, non-conducting sheets of charge are parallel 
to each other, as shown inFig. 2.39.The sheet on the left 
has a uniform surface charge density a , and the one on 
the right has a uniform charge density —cr. Calculate the 
electric field at points (a) to the left of, (b) in between, and 
(c) to the right of the two sheets. 



Fig. 239 

11. S\ and & are two hollow concentric spheres enclosing 
charges Q and 2 Q, respectively, as shown in Fig. 2.40. 
What is the ratio of the electric flux through Sy and 



12. A hollow half cylinder surface of radius R and length I is 

placed in a uniform electric field E. Electric field is acting 
perpendicularly on the plane ABCD. Find the flux through 
the curved surface of the hollow cylindrical surface. 




D 

—► 


B 

* C 

Fig. 2.41 


t 

/ 

i 


13. Consider two concentric conducting spheres. The outer 
sphere is hollow and initially has a charge —IQ on it. The 
inner sphere is solid and has a charge +2 Q on it. 

a. How much charge is on the outer surface and inner 
surface of the outer sphere. 


b. If a wire is connected between the inner and outer 
spheres, after electrostatic equilibrium is established 
how much total charge is on the outer sphere? How 
much charge is on the outer surface and inner sur¬ 
face of outer sphere? Does the electric field at the 
surface of the inside sphere change when the wire is 
connected? 

c. We return to original condition in (a). We now con¬ 
nect the outer sphere to ground with a wire and the 
disconnected it. How much total charge will be on the 
outer sphere? How much charge will be on the inner 
surface and outer surface of the outer sphere? 


Solved Examples 


■ 


A long, straight wire is surrounded by a 
hollow metal cylinder whose axis coincides with that of the 
wire. The wire has a charge per unit length of X, and the 
cylinder has a net charge per unit length of 2A. From this 
information, use Gauss's law to find (a) the charge per unit 
length on the inner and outer surfaces of the cylinder and 
(b) the electric field outside the cylinder, a distance r from 
the axis. 


Sol. 

a. Inside surface: Consider a cylindrical surface within the 
metal. Since E inside the conducting shell is zero, the to¬ 
tal charge inside the Gaussian surface must be zero, so the 
inside charge/length = —A. 


0 = XI + 4m so = —X 

Outside surface: The total charge on the metal/cylinder is 
2X1 = 4in “F 

9om = 2X/ + A/ so the outside charge/length is 3A 


b. £ = 


2k e QX) 

r 


6 k e X 
r 


3A 

2ne^r 


radially outward. 


A point charge q is placed on the apex 

of a cone of semi-vertex angle 8 . Show that the electric flux 

4(1 — cos 8 ) 

through the base of the cone is---. 

2c* 
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Fig. 2.42 


Sol. Method 1: For point charge, Gaussian surface should be 
spherical. Consider a Gaussian sphere with its centre at the apex 
and radius the slant length of the cone- The flux through the 
whole sphere is q/£<y> Therefore, the flux through the base of the 



Here, Ao = area of whole sphere = 4 nR 2 , and . 

A = area of sphere below the base of the cone. 

Consider a differential ring of radius r and thickness dr ; 
dA = (2 itr)R da = (2tt R sin a)R da [as r — R sin a] 
= (27r/? 2 )sino: da 

$ 

A = J (2tiR 2 ) sin a da; A — 2n R 2 (\ — cos^O) 
o 


The desired flux is 4>e = 

(2tzR 2 )(\ — cos6) q _(\—co$B)q 
(An R 7 ) b o 2^o 

Method 2 : Using the concept of solid angle. 

Total solid angle around a point in space is An ste-radian. 
Solid angle subtended by the base of the cone at the apex of 
cone is n ~ 2 jt (1 — cos#) 

q 

As the flux associated with solid angle 4jr is —. 

Hence, the flux associated with solid angle 2 tt (l - cos 0) is 
_ q 2 ?r(J - cos#) _ q( 1 - cos#) 

£o 4 jt 2e 0 


A) 1 

Ao J E 0 



A cube of side / has one corner at the 


origin of coordinates and extends along the positive jc-, y- 
and z-axes. Suppose the electric field in this region is given 
by E = (a + by) 7 . Determine the charge inside the cube, a 
and b are some constants. 


Sol. The faces adke, begf , cdhg , abfe will contribute zero 
flux because the area vector is normal to electric field for these 
faces. 

Flux through face efgh , 



Fig. 2.43 


4>\ ~ j~E • d A = aCj)l 2 (-j) = -al 2 

The field at the face efgh (that lies in the yz plane, y = 0) is 
E — aj and area vector is / 2 (- j) (direction outward normal) 
Flux through face abed: <j >2 — (a + bl)j ■ l 2 j = (at 2 + bl 3 ), 
for this y = 1 

Net flux through the cube = 4>\ A- $2 = bft 

From Gauss's law, 4> = ^ Cflclosed t £ enclo <. cd = £ Q <t> £ = e 0 bl 3 

£0 

The electric field in a cubical volume is 
E = Eq (j. + -'j i + Ea ^ j 

2 

+ 

1 


X 

r ■ 


. 



x 


Fig. 2.44 

Each edge of the cube measures d and one of the corners lies 
at the origin of coordinates. Determine the net charge within 
the cube. 

Sol. 

z 

I 



X 
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We choose a differential slab of thickness dz> at a distance 
z from y-axis. The electric field varies with z-coordinate only. 
The field components at this position have constant magnitude. 
Consider faces 1 and 3. Net flux due to y-component of field 
i$ zero (area vector and field vector are perpendicular) and net 
flux due tox-component is also zero because net flux in through 
face 3 is equal to net flux out through face 1. Similarly, net flux 
through faces 2 and 4 are also zero. Flux through each differential 
slab in the cube is zero. Therefore, from Gauss’s law net charge 
enclosed by cubical volume is zero. 

Two identical metal plates each having 
surface area having charge l q\ y and l qi y are placed Fac¬ 
ing each other at a separation *d\ Find the charge appearing 
on surface (1), (2), (3), and (4). Assume the size of the plate 
is much larger than the separation between the plates. 


© 


7i 


© © 


< 3 > 


7? 


H- d -H 

Fig. 2.46 


© 



x 


< 3 > 

-X 


(7 2"*} 



(72 + *) 

A 



Sol. Facing surfaces have equal and opposite charge (by Gauss 
theorem). Let the fAcing surfaces have the charge x and -x (sur¬ 
face (2) and (3), respectively). 

Then, the charge on the surfaces (1) and (2) should be (q\ - x) 
and x , respectively (by conservation of charge). 

Facing metallic surfaces always have equal and opposite 
charge, hence charge appearing on surfaces (3) and (4) will be 
—* and (qi + x) t respectively. 

Let us consider a point P inside the left plate. Net electric 
field at P should be zero. 

Net electric field at P will be due to the resultant of electric 
field due to charge appearing on all four surfaces. 

=> E\ + Ey = E2 + E4 

(y | O2 Cf'y Oa 

2$o lea 2 sq 

=> = + x + x 





Hence, charge appearing on different surfaces arc as shown in 
Fig. 2.49, 


Important Note 

• Facing surfaces have the equal and opposite nature 
of charge with magnitude 'half the difference of the 

( Q\ “■ qi \ 

charge on different plates’, i.c., I—-—1 iri sur¬ 
face (2) and ^ ^ or — j n surface 

( 3 ). 
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• Outer surfaces always have equal charges of magnitude 

I "f ^2 ) 

‘half the summation of charges’, i.e.,---in each 

surface (L) and (4). 


• If we have this type of charge distribution, then the elec¬ 
tric field inside any metal plate will be zero, 

• The charge appearing on the surfaces. ( 2 ) and (3) is 
called bounded charge and the charge appearing on the 
surfaces (1) and (4) is called free Charge. 

• If we join second plate (right plate) with ground (Fig. 
2.50) the charge appearing on the surface (4) will go to 
the earth and charge distribution will be 



+ 

+ 

+ 

+ 

+ 

+ - 
+ -q- 

+ 

+ 



J 1 

+ 

+ + 



+ 



Fig. 2.50 

• Any metal plate or object connected to the earth need 
not have zero chatge. If the conducting body is isolated 
and connected to earth, then it will have no charge. If the 
conducting body is connected to earth have any charged 
object near to it, then the body will not have zero charge. 


A point charge + Q is placed at the centre 
of an uncharged spherical conducting shell of inner radius 
a and outer radius b as shown in Fig. 2.51. 



1 . Find the electric field for r < a. 

2 . What is the magnitude and sign of the induced charge g r 
on the inner shell surface? 

3. What is the field for a < r < b? 

4. What is the electric field at points r > b? 

5. What is the surface charge on the outer surface of the 
conductor? 

Sol. 

1. Consider a Gaussian surface of radius r < R inside the cavity, 


centred on the charge Q. From Gauss’s law, 

4>E = i Ed A = E (47T/- 2 3 4 5 ) = — 

J ^0 

From which we find the electric field to be 

E= -L 2 

4jts 0 r 2 

This result is the same as that of a point charge in vacuum. 

2 . Consider a Gaussian surface inside the conducting material, 
We do not know if there is a charge on the inside surface of 
the conductor or not. We assume that the charge is q\ If q l is 
zero, the result of Gauss’s law will show it. Because the Gaus¬ 
sian surface is inside the conductor, the electric field is zero. 
From Gauss’s law, 

4EdA = E(47rr 2 )^^-=0 
J £q 

Gcnclpscd _ Q _ q 

£() 


which implies q 1 - —Q 

There is a charge on the inside surface of the conductor. The 
total charge induced on the inside surface of the cavity is the 
negative of the charge placed at its centre. 

3. The field inside a conductor in electrostatic equilibrium is 
always zero. 

4. For£(r > b\ consider a Gaussian surface^. From Gauss’s 
law, we have 

<j> e = <£ EdA = ^^ 

J £o 


E(4nr 2 ) = — 
£o 


E = 


Q 

4nso r2 


It was stated in the problem that the conducting sphere has no 
net charge. Consequently, the total charge inside ourGaussian 
surface S 3 is sum of charge + Q and induced charges -Q on the 
inner surface of conductor and + Q on the surface. Once more 
we can see that field outside the sphere is same as for a point 
charge. The conducting sphere has no shielding effect at all. 
However, such a conducting shield does prevent electrostatic 
fields from charges outside the shell from entering it. 

5. The conducting shell has no net charge, yet there is a surface 
charge -Q on its surface. Because the net charge on the shell 
is zero and no charge can reside inside a conductor, there 
must be +Q charge on the outer surface of the conductor 
(Sec Fig. 2.52). 



Fig. 2.52 
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EXERCISES 


Subjective Type 


Solutions on page 2.25 


1, An infinite wire having charge density X passes through 
one of the edges of a cube having edge length l. Find the 



Fig, 2.53 

a. total flux passing through the cube. 


b. flux passing through the surfaces which are in contact 
with the wire. 

c. flux passing through the surfaces which are not in 
contact with the wire. 

2. It has been experimentally observed that the electric field 
in a large region of eailh’s atmosphere is directed verti¬ 
cally down. At an altitude of 300 m, the electric field is 
60 Vm -1 . At an altitude of 200 m, the field is 100 Vm _l . 
Calculate the net amount of charge contained in the cube 
of 100 m edge, located between 200 and 300 m altitude. 


JS 



3. A point charge Q is located on the axis of a disk of radius 
R at a distance b from the plane of the disk (Fig. 2.55). 
Show that if one-fourth of the electric flux from the charge 
passes through the disk, then R -■= sfZb. 



4, A very long uniformly charged wire oriented along the 
axis of a circular ring of radius R rests on its center with 
one of the ends (as shown in Fig. 2.56). The linear charge 

density on the wire is X. Evaluate the flux of the vector £ 
across the circle area. 



Fig. 2.56 

5. Two point charges q and —q are separated by a distance 
2a (Fig. 2.57). Evaluate the flux of electric field strength 
vector across a circle of radius R. 



6. An infinitely long line charge having a uniform charge per 
unit length X lies a distance d from point O as shown in 
Fig. 2.58. Determine the total electric flux through the sur¬ 
face of a sphere of radius R centered at O resulting from 
this line charge. Consider both cases where R < d and 
R > d. 



Fig. 2.58 

7. Find the electric flux crossing the wire frame ABCD of 
length /, width b and whose center is at a distance OP = d 
from an infinite line of charge with linear charge density 
X. Consider that the plane of frame is perpendicular to the 
line OP (Fig. 2.59). 

8. A solid insulating sphere of radius R has a non-uniform 
charge density that varies with r according to the expres¬ 
sion p = Ar 2 y where A is a constant and r < R is mea¬ 
sured from the center of the sphere (a) show that the mag¬ 
nitude of the electric field outside (r > R) the sphere is 
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Fig. 2.59 


E = A R s /Ss^r 2 , (b) Show that the magnitude of the elec¬ 
tric field inside (r < R) the sphere is E = AR*/5e q. 

9. The electric field in a region is radially outward with mag¬ 
nitude E = otr. Calculate the charge contained in a sphere 
of radius R centered at the origin. Calculate the value of 
charge if a = 100 V/m 2 and R = 0.30 m. 



10. A system consists of a ball of radius R carrying a spheri¬ 
cally charge and a surrounding space filled with a charge 
of volume density p = 7 where a is a constant and r is 
the distance from the centre of the ball. Find the charge on 
the ball for which the magnitude of electric field strength 
is electric field strength? The dielectric constant of ball 
and surrounding may be taken equal to unity. 


Objective Type 


Solutions on page 2.28 


1. Units of electric flux are 

a. NC“W b. JC“' 

c. Vi d. Vm 

2. Positive electric flux from a closed surface indicates that 
electric lines of force are directed 

a. outwards b. inwards 

c, outwards or inwards d. none of these 

3. A surface encloses an electric dipole. The net flux through 
the surface is 

a. zero b. positive 

c. negative d. infinite 

4. In a region with a uniform electric field, the number of 
lines of force per unit area is E. If a spherical metallic 
conductor is placed in the area, the field inside the con¬ 
ductor will be 

a. zero b. E 

c. more than E d. less than E 


5. An insulated sphere of radius R has a uniform volume 

chargedensity p. The electric field at a point P inside the 

sphere at a distance r from the centre is 

Rp r p 

a. -— b. -— 

3 so 


c. zero 



6. Which one of the following graphs shows the variation of 
electric field strength E with distance / from the center 
of a hollow conducting sphere? 






7. A cylinder of length L and radius b has its axis coinci¬ 
dent with the x-axis. The electric field in this region is 

E — 200 /. Find the flux through the left end of cylinder, 
a. 0 b. 2007Tb 2 

c. 100 7Tb 2 d. -2007Tb 2 

8 . Consider two infinite parallel charged metal plates with 
equal and opposite charge densities +a and — o. Deter¬ 
mine the electric field in the region between the plates. 

a, a/so b. 0 

c. af2so d. 2a/so 

9. Consider the Gaussian surface that surrounds part of the 
charge distribution shown in Fig. 2.61. Then, the contri¬ 
bution to the electric field at point P arises from charges 

a. q\ and q 2 only b. q 3 and q 4 only 

0 . qr.qitqz and q 4 d. none of the above 
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10. Charge on an originally uncharged conductor is separated 
by holding a positively charged rod very closely nearby, 
as in Fig. 2.62. Assume that the induced negative charge 
on the conductor is equal to the positive charge q on the 
rod. Then, flux through surface S\ is 



a. zero 
c. -q/s o 


b. q/e 0 

d. none of these 


11. A thin metallic spherical shell contains a charge Q on its 
surface. A point charge q } is placed at the centre of the 
shell and another charge qi is placed outside the shell. All 
the three charges are positive. Then, the force on charge 
q\ is 




* 

+// 2 


12 . 


13. 



a. towards right 
c» zero 


b. towards left 
d. none of these 


If one penetrates a uniformly charged spherical cloud, 
electric held strength 

a. decreases directly as the distance from the center 

b. increases directly as the distance from the cemer 

c. remains constant 

d. none of the above 

An uncharged metal sphere is placed between two equal 
and oppositely charged metal plates. The nature of lines 
of Force will be 




Fig. 2.64 


14. A hollow metallic sphere of radius 10 cm is given a charge 
of 3.2x 10“ 9 C. The electric intensity at a point 4 cm from 
the cemer is 

a. 9x 10 -9 NC“' b. 288 NC- 1 

c. 2.88 NC _I d. zero 

15. The surface density on a copper sphere is a. The electric 
held strength on the surface of the sphere is 

a. a b. ail 

c. — d. — 

2co so 

16. A cylinder of radius R and length / is placed in a uniform 
electric field E parallel to the axis of the cylinder The 
total flux over the curved surface of the cylinder is 

b. 7 tR 7 E 


20 


21 . 


22 . 


23. 


a. zero 
c. 2nR*E 


d. ElnR 2 


17. 


A cube of side 10 cm encloses a charge of 0.1 gC at its 
centre. Calculate the number of lines of force through each 
face of the cube. 

a. M13xlO n b. 1.13x 10 4 

c. I.13xl0 9 d. 1883 

18. Number of electric lines of force from 0.5 C of positive 
charge in a dielectric medium of constant 10 is 

a. 5.65x 10 9 b. 1.13x10" 

c. 9x I0 9 d. 8.85x 10 -u 

19. The electric flux from a cube of edge l is 0. What will be 
its value if edge of cube is made 21 and charge enclosed 
is halved? 

a. 40 b. 20 

c. 0/2 d. 0 

In a certain region of space, there exists a uniform electric 
field of 2x lO 3 ^ Vm -1 . A rectangular coil of dimensions 
10 cm x 20 cm is placed in x-y plane. The electric flux 
through the coil is 

a. zero b. 30 Vm 

c. 40 Vm d. 50 Vm 


Which of the following may be discontinuous across a 
charged conducting surface? 

a. Electric potential 

b. Electric intensity 

c. Both electric potential and intensity 

d. None of the above 

Consider two concentric spherical surfaces, S\ with radius 
a and with radius 2a, both centered on the origin. There 
is a charge at the origin, and no other charges. Compare 
the flux 0j through S\ with the flux 4n through £ 2 - 
a. 0] = 402 b. 0i = 202 


C. 0| — 02 


d. 


. 02 
*'=2 


Under what conditions can the electric flux 0£ be found 
Lhnough a closed surface? 

a. If the magnitude of electric field is known everywhere 
on the surface. 
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b. If the total charge inside the surface is specified. 

c. If the total charge outside the surface is specified. 

d. Only if the location of each point charge inside the 
surface is specified. 

24. Fig. 2.65 shows four charges q x , < 72 , < 73 , <74 fixed in space. 
Then, the total flux of electric field through a closed sur¬ 
face S y due to all charges q \, qi y q 3 and q Ay is 



a. not equal to the total flux through S due to charges 
and q A 

b. equal to the total flux through S due to charges <73 and 
<14 

c. zero if <71 + qi = £3 + q 4 

d. twice the total flux through S due to charges q 3 and 
q A if qi + q 2 ~ 43 + <74 

25. If the flux of the electric field through a closed surface is 
zero,then 

a. the electric field must be zero everywhere on the sur¬ 
face. 

b. the total charge inside the surface must be zero 

c. the electric field must be uniform throughout the 
closed surface 

d. the charge outside the surface must be zero 

26. Eight charges, l pC,.-7 pC, -4 pC, 10 pC, 2 pC, -5 pC, 
-3 pC and 6 pC are situated at the eight comers of a 
cube of side 20 cm. A spherical surface of radius 80 cm 
encloses this cube. The center of the sphere coincides with 
the centre of the cube. Then, the total outgoing flux from 
the spherical surface (in units of Vm) is 

a. 36 tt x 10 3 b. 6847T x 10 3 

c. zero d. none of these 

27. Three charges of q\ - lx 10 “ 6 C, qi = 2 x 10 -6 C and 
qi = -3 x 10 -6 C have been placed as shown. Then, the 
net electric flux will be maximum for the surface 



b. S 2 

d. same for all three 


a. 


c. 


d -r- 

4s 0 


28. A charge q is distributed uniformly on a ring of radius 
V. A sphere of equal radius ‘ a ’ is constructed with its 
center at the periphery of the ring. Calculate the flux of 
the electric field through the surface of the sphere. 

j_ b — 

3fio 3fio 

J7_ 

4e 0 

29. In a region of space, the electric field is given by 
E = 8 ? + 4} + 3k. The electric flux through a surFace of 
area of 100 units in x-y plane is 

a. 800 units b. 300 units 

c. 400 units d. 1500 units 

30. A spherical shell of radius R = 1.5 cm has a charge 
q - 20 pC uniformly distributed over it. What is the force 
exerted by one half over the other halt*? 

b. I0“ 2 N 


a. zero 
c. 500 N 


d. 2000 N 


31. A flat, square surface with sides of length L is described 
by the equations 


Find the electric flux through the square due to a positive 
point charge ^7 located at the origin (x = 0 , y = 0 , z — 0 ). 

„ q u q 


4e 0 

q 

24 £o 


b. 


d. 


6so 

q 

48e 0 


32. The electric field E 1 at one face of a parallelopiped is uni¬ 
form over the entire face and is directed out of the face. 
At the opposite face, the electric field £2 is also uniform 
over the entire face and is directed into that face (as shown 
in Fig. 2.67). The two faces in question are inclined at 
30° from the horizontal, while E\ and £2 (both horizon¬ 
tal) have magnitudes of 2.50 x 10 4 N/C and 7.00 x 10 4 
N/C . Assuming that no other electric field lines cross the 
surfaces of the parallelopiped, determine the net charge 
contained within. 

a. — 67.5 £qC b. 37.5 e Q C 


c. 105 60 C 


d. -105 £0 C 


Ei 



33. A dielectric in the form of a sphere is introduced into a 
homogeneous electric field. A y B and C are 3 points as 
shown in Fig. 2.68. Then, 

a. intensity at A increases while that at B and C de¬ 
creases. 


a. Si 
c. £3 
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Fig. 2.68 


o 

C 


3. For Gauss’s law, mark out the correct statement(s). 

a. If we displaced the enclosed charges (within a Gaus¬ 
sian surface) without crossing the boundary, then E 
and <f> both remain same. 

b, If we displace the enclosed charges without crossing 

—V 

the boundary, then E changes but <f> remains the same. 


b. intensity at A and B decreases whereas at C intensity 
increases 

c. intensity at A and C increases and that at B decreases. 

d. intensity at A, B and C decreases. 

34. The electric field on two sides of a large charged plate is 
shown in Fig. 2.69. The charge density on the plate in S.l. 
Units is given by (£o is the permittivity of free space in 
S.l. Units) 


E\ - $ Vnr 1 


-► 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


Ei « 12Virf 1 

-► 


Fig. 169 

a. 2s*o b. 4 sq 

c. JOso d. zero 


Multiple Correct 
Answers Type 


Solutions on page 2.29 


1 . 10 C of charge is given to a conducting spherical shell 
and a —3 C point charge is placed inside the shell. For 
this arrangement* markout the correct statcment(s). 

a. The charge on the inner surface of the shell will be 
+3 C and it can be distributed uniformly or non* 
uniformly. 

b. The charge on the inner surface of the shell will be 
+3 C and its distribution would be uniform. 

c The net charge on outer surface of the shell will be+7 
C and its distribution can be uniform or non-uniform. 

d. The net charge on outer surface of the shell will be 
+7 C and its distribution would be uniform. 

2 . Consider Gauss's law f E ■ ds — —. 



Fig. 2.70 

Then, for the situation shown above at the Gaussian surface 

a. E due to ij 2 would be zero. 

b. E due to bolh q\ and r /2 would be non-zero. 

c. <p due lo both q\ and qi would be non-zero. 

d. <t> due to qi would be zero. 


c. If charge crosses the boundary, then both E and (p 
would change. 

d. If charge crosses the boundary, then <j> changes but E 
remains the same. 


Assertion-Reasoning 

Type 


Solutions on page 2.30 


In the following questions, each question contains Statement 
I (Assertion) and Statement II (Reason). Each question has 4 
choices (a), (b). (c) and (d) out of which ONLY ONE is correct. 


a. Statement I is True, Statement TI is True; Statement II is a 
correct explanation for Statement I. 

b. Statement I is True, Statement II is True; Statement II is NOT 
a correct explanation for Statement I. 

c. Statement 1 is True, Statement II is False. 

d. Statement 1 is False, Statement II is True. 


L Statement!: £ in outside vicinity of a conductor depends 
only on the local charge density a and it is independent 
of the other charges present anywhere on the conductor. 

Statement!!: £ in outside vicinity of a conductor is given 



2 . Statement I: Upon displacement of charges within a 

closed surface, E at any point on the surface does not 
change. 

Statement I!: The flux crossing through a closed surface 
is independent of the location of charge within the surface. 

3. Statement I: If Gaussian surface does not enclose any 

—> 

charge, then E at any point on the Gaussian surface must 
be zero. 

Statement II: No net charge is enclosed by Gaussian sur¬ 
face, so net fiux passing through ihe surface is zero. 

4. Statement I: For the situation shown in Fig. 2.71, if we 
displace the charge q within the conducting shell, then 
nature of distribution of charge on the outer surface of the 
shell does not change. 

Statement II: Any conducting shell divides the entire 
space into two regions (inside and outside the shell), which 
are independent to each other in terms of electric field. 

5. Statement I: Electric field on the surface of a conductor 
is more at the sharp corners. 

Statement II: Surface charge density on conductor’s sur¬ 
face is inversely proportional to the radius of curvature. 
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Fig. 2.71 


Comprehension 

Type 


Solutions on page 2.30 


For Problems 1-4 

The cube as shown in Fig, 2.72 has sides of length 
L - 10.0 cm. The electric held is uniform, has a magnitude 
E = 4,00 x 10 3 NC“\ and is parallel to thexy-plane at an an¬ 
gle of 37° measured from the +*-axis toward the +y-axis. 



1. Which of the surfaces have zero flux? 

a. S[ and S3 b. S$ and S 6 

c. Si and S 4 d. S\ and S\ 

2. Electric flux passing through the surface S\ is 

a. —24 N-m 2 C _l b. 24N-m 2 Cr l 

c. 32 N-m 2 C _l d. -32N-m 2 C^ 1 

3. Electric flux passing through the surface St is 

a. —24 N-m 2 C _1 b. -24N-m 2 C-' 

c. 32 N-m 2 C _1 d. -32N-m 2 C“ ] 

4. What is the total net electric flux through all faces of the 
cube? 

a. 8N-m 2 C"’ b. -8 N-m 2 ^ 1 

c. 24N-m 2 C _l d. zero 

For Problems 5-8 

A cube, has sides of length L - 0.300 m. It is placed with 
one comer at the origin as shown in the figure of previous 
problem. The electric field is not uniform, but is given by 
E = (—5.00 NC~')xl + (3.00 NC _l )zi 

5. Which of the surfaces have zero flux? 

a. ,$ 2 > $4 and S 5 b. S| f S 4 and S& 

c. S\ y S 2 and S$ d. S 2i S 3 and S 4 

6 . The flux passing through the surface S 5 will be 

a. -0.135 N-m 2 C-' b. -0.054 N-m 2 C' 1 


c. 0.081 N-m 2 C-' d. 0.054 N-m 2 C-' 

7. Total flux passing through the cube is 

a. -0.135 N-m 2 C _l b. -0.054 N-m 2 C“' 

c. 0.081 N-m 2 C^‘ d. zero 

8. The total electric charge inside the cube is 

a. —0.054 8 q C b. 0.081 £0 C 

c. 0.135£ 0 C d. 0.054£ 0 C 

For Problems 9-10 

A cube has sides of length L. It is placed with one comer at the 
origin as shown in the figure of previous problem. The electric 
field is uniform and given by E — — Bi + Cj — Dk , where B> 
C and D are positive constants. 

9. The flux passing through different surfaces (match the 
table) is 


Surface 

Flux 

(i) S 1 

(m) BL' 

(ii) Sj 

(n) -BL 1 

(iii) S 3 

( 0 ) cD ~ 

(iv) S 4 

(P) - CL 2 

(v) Si 

(q) DL 2 

(vi) S 6 

(r) -DL 1 


a. (u P)> Oh r), (iii, o), (iv, q), (v, n), (vi, m) 

b. (i, r), (ii, p), (iii, q), (iv, n), (v, m), (vi, o) 

c. (i, m), (ii, n), (iii, o), (iv, p), (v, q), (vi, r) 

d. (i, r), (ii, q), (iii, p), (iv, 0 ), (v, n), (vi, m) 

10, Total flux passing through the cube is 

a. (fi + C + D)L 2 b, 2(£ + C + D)L 2 

c, 6(^ + C + D)L 2 d. zero 

For Problems 11-12 

A cube of side a is placed such that the nearest face which is 
parallel to the y-z plane is at a distance V from the origin. The 
electric field components are E x = ax^ 2 t E y = E z — 0. 

y 


X 


Fig. 2,73 

11- Calculate the flux <{> E through the cube. 

a. +J2aa $ t 2 b. —a a^ 2 

-(^-0 aa ^ 2 d. zero 

12. Calculate the charge within the cube. 

a. a/2 a so *** 2 b- — ot e^a^ 2 

c. (V5-l) a €q ^ 2 d- zero 

For Problems 13-18 

A small conducting spherical shell with inner radius a and outer 
radius b is concentric with a larger conducting spherical shell 
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with inner radius c and outer radius d (as shown in Fig. 2.74). The 
inner shell has total charge +2 q and the outer shell has charge 
44 q. Calculate the electric field in terms of q and the distance r 
from the common centre of the two shells for: 

13. r < a 


a. zero 


1 6 q 

Ci 4 tt £ 0 y 2 
14 , a < r < b 


a. zero 


c. 


1 6 q 


4 n£o r 2 

15. b < r < c 

a. zero 

1 6q 
4 n£o y 1 

16. c < r < d 

a. zero 

1 6q 
4ne 0 r2 

17. r > d 

a. zero 

1 6q 
4 jt£o y 1 

18. The graph of the radial component of E as a function of 
r will be 


b. 

d. 

b. 

d. 

b. 

d. 

b. 

d. 

b. 

d. 


1 

2 q 

4jt£ 0 

r 2 

1 

q 

4tT£() 

r 2 

1 

2? 

4tT£o 

r 2 

1 

q 

4tT£o 

r 2 

1 

2 q 

4j TSo 

r 2 

1 

q_ 

4tt£o 

r 2 

1 

2 q 

4 7T£o 

r 2 

1 

q 

47T£ 0 

r 2 

1 

2 q 

4 JT£ 0 

r 2 

1 

q 

4neo 

r 2 



For Problems 19-22 

According to problems 13-18, what is the total charge on the 

19. inner surface of the small shell? 

a. zero b. 2 q c. —2 q d. 6 q 

20 . outer surface of the small shell? 

a. zero b. 2 q c. — 2q d. 6 q 

21 . inner surface of the large shell? 

a. zero b. 2 q c. —2 q d. 6 q 

22 . outer surface of the large shell? 

a. zero b. 2 q c. — 2q d. 6 q 


For Problems 23-28 

Consider the previous problem, but now let the outer shell have 
charge —4 q. As in the above problem, the inner shell has charge 
+2 q. Calculate the electric field in terms of q and the distance r 
from the common centre of the two shells for: 

23. r < a 


a. zero 


c. -- 


1 2 q 


4tt£o r 2 

24. a < r < b 

a. zero 

C. — 

4ir £() 

25. b < r < c 

a. zero 

1 2 q 

4tt£o r 2 


b. 

d. 

b. 

d. 

b. 

d. 


1 

2 q 

47T£ 0 

r 2 

1 

6 q 

4 7T£ 0 

r 2 

1 

2 q 

4tt£o 

r 2 

1 

6 q 

4tT£o 

r 2 

1 

2 q 

4tT£o 

r 2 

1 

6 q 

4ns 0 

r 2 


26. The graph of the radial component of £ as a function of 
r will be 


E E 
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27. c < r < d 

a. zero 

_ \_ 2 q 

4tt $ 0 r 2 

28. r > d 

a. zero 

l 2 q 
c. —:-f 

47T£o r 2 


1 

2£ 

4neo 

r 2 

] 

6 q 

47T£ 0 

r 2 

1 

2 q 

4jreo 

r 2 

1 

6 q 

4jt£o 

r 2 


For Problems 29-32 

According to problems 23-28, what is the total charge on the 
29. inner surface of the small shell? 


a. zero b. 2 q c. 

—2 q 

d. 6 q 

30. outer surface of the small shed? 



a. zero b. 2 q c. 

-2q 

d. 6 q 

31. inner surface of the large shell? 



a. zero b. 2 q c. 

-2 q 

d. 6 q 

32. outer surface of the large shell? 



a. zero b. 2 q c. 

-2 q 

d. 6 q 


For Problems 33-38 

Consider above problem, but now let the outer shell have charge 
—2 q. As in the above problem, the inner shell has charge 4-2 q. 
Calculate the electric field in terms of q and the distance r from 
the common centre of the two shells for; 

33. r < a 



a. 

zero 




1 

2 q 


Li 

47Z£q 

r 2 

34. 

a < 

r < b 



a. 

zero 




1 

2? 



4tteq 

r 2 

35. 

b < 

r < c 



a. 

zero 




l 

2 q- 


L# 

4jt£o 

r 2 

36. 

c < 

r < d 



a. 

zero 




1 

2 q 



4jT£o 

r 2 

37. 

r > 

d 



a. 

zero 




1 

2 q 


Li 

4;t£ 0 

r 2 


1 

2 q 

47TCQ 

t 2 

l 

6 q 

4tt£o 

J 2 

1 

2 q 

47T£o 

r 2 

1 

6 q 

4rre 0 

r 2 

] 

2 q 

4tt£ 0 

r 2 

1 


4tt£ 0 

r 2 

1 

2 q 

4jt£o 

r 2 

1 

6 q 

47T£ 0 

r 2 

I 

2 ? 

4j7£ 0 

i" 2 

1 

6g 

47T£ 0 

r 2 


38. The graph of the radial component of E as a function 
of r will be 


E 


i 



a h c (I 


a. 

E 

k 




abed 


c. 


E 

A 



abed 


b. 



For Problems 39-42 

In the previous problem, what is the total charge on the 
39. inner surface of the small shell? 


a. zero b. c. 

-2q 

d. 4 q 

40. outer surface of the small shell? 



a. zero b. 2 q c. 

-2 q 

d. 4q 

41. inner surface of the large shell? 



a. zero b. 2 q c. 

~2 q 

d. 4q 

42. outer surface of the large shell? 



a. zero b. 2 q c. 

-2 q 

d. 4 q 


For Problems 43-45 

Two spherical cavities of radii a and h are hollowed out from 
the interior of a neutral conducting sphere of radius R. At the 
center of each cavity, a point charge is placed. Call these charges 
q u and q b . 



43. Match the table 


(i) 

q tt + qb 
<m) 4, .2 

(ii) o h 

<"> 

(iii) o K 

<°>4^ 


a. (i, o), (ii, n), (iii, m) b. (i, n), (ii, o), (iii, m) 

c. (i, m), (ii, o), (iii, n) d. (i, n), (ii; m), (iii, o) 

44. What is the field at a distance r outside the conductor? 

I qb 


47T£(] r 2 


b. zero 
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c _J_ qa±qb d _J_ <h 

4neo r 2 ' 4 jcsq r 2 

45. The electric field inside the cavity of radius a at a distance 
r from the centre of cavity is 


a. 


c. 



Fig, 2,76 


1 

4tt£o r 2 
1 q Q +qb 
4tteq r 2 


b _L s* 

Anea r 2 
d. zero 


Matching 
Column Type 


Solutions on page 2.32 


1, Column [ specifies a point at distance r from the cen¬ 
ter/axis of a symmetrical distribution of charge, Column- 
II gives the variation of electric intensity at P as a function 
of r. Match the columns. 


Column I 1 

Column II 

i, P lies outside acylinderhaving uni¬ 
form volume charge density. 

a. E <x \ 

T 

ii. P lies inside a spherical charged 
conductor. 

b. Eoc - 
r 

iii. P lies inside a spherical body hav¬ 
ing uniform volume charge density. 

c. E <x r 

iv. P lies inside a solid cylinder having 
uniform volume charge density. 

d*E. cc r° 

v. P lies inside a plane infinite sheet 
of some thickness. The sheet is 
charged uniformly throughout its 
volume. 


vi. P lies outside the plane sheet men¬ 
tioned in part(v). 



2. Three identical metal plates with large surface areas are 
kept parallel to each other as shown in Fig. 2.82. The left 
most is given a charge Q t the right most a charge —2 Q 
and the middle one remains neutral. Then: 


Q -2Q 



Column I . 

Column II 

i. The charge appearing on outer sur¬ 
face of right most plate 

- + f 

ii. The charge appearing on outer sur¬ 
face of left most plate 


iii. The charge appearing on left sur¬ 
face of middle plate 


iv. The charge appearing on right sur¬ 
face of middle plate 



3- Electric field due to 


Column I 

Column II 

i. Infinite plane sheet of charge 

a. 0 

ii. Infinite plane sheet of uniform 
thickness 

b. 

2 £q 

iii. Non-conducting . charged solid 
sphere at its surface 

Rp 

C ' 3e 0 

iv. Non-conducting charged solid 
sphere at its center 

d. — 


where symbols have their usual meaning. 


ANSWERS AND SOLUTIONS 


Subjective Type 


1. a. If we construct these both cubes as shown in Fig. 2.78 
(by dotted line), 

net flux through all the four cubes — = — 

£o £o 
XI 

So, flux through any one cube = --— 

4eo 

b. Field lines will be parallel to the surfaces in contact 
with the wire. Hence, flux through these surfaces will be 
zero. There are four such surfaces. 


c. There are two surfaces which are not in contact with the wire. 
XI 

So, the flux-will be divided among these two surfaces. So, 

4e 0 

XI 

flux through each surface = -—. 



Top view 

Fig. 2.78 
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2. According to Gauss' theorem, electric flux: 

<t>E = — = f E- dS 

so J 

The surface integral in the above equations contains six 
terms—the surface integral over the bottom surface, the 
surface integral over the top surface and surface integral 
over the four vertical faces. 

For the bottom surface, both the vectors E and d S are in 
the same direction. For the top surface, they act in opposite 
directions while for the vertical faces, they are perpendic¬ 
ular to each other. 


Hence, 


4>e= f 

E t dS+ f E 2 dS + 4 f EdS 

J J 

J 

Bottom 

Top Faces 

-7 

E\dSco&0°+ j E 2 dS cos 180° 
J 

Bottom 

Top 

+ 4 

/ EdS cos9tf 


Faces 


= J E t dS- j E-idS = E,S- E 2 S = (E t -E 2 )S 

Bottom Top 

q 

Also, <pE = ~ 

£o 

q =. £q(E\ - E^)S 
= (8.85 x 10 -l2 C 2 N - 'm -2 ) 
x(100 Vm“' - 60 Vm“')(100 m 2 ) 

= 3.54 x 10 -6 C 

3. Solid angle subtended by disk at Q 
W = 2n (1 — coso:) 

b 


= 2x\l—=±=\ 


Flux through disk = 

Q 


QW 

£()47r 


It is given to be — 

4e 0 

- Q__ QW 

\so S 0 4n' 

Solve to get R — V3b 



Fig. 2.79 


4. The component of electric field E y will not contribute to 

—V _. 

flux as angle between and A is 90°. Hence, flux due to E y : 


d<p = E x 2nydy 


4tt£ y 


2 nydy 


. A. f* . M 



5. 


Fig. 2.80 

d<f> — 2 E co$Q27rydy 

1 q 


= 2 


a 2 tt ydy' 


4jt£o (a 2 + y 2 ) (& 2 + y 2 )^ 2 

J So Jo 


(,a 2 + y 2 )W 


4 >=- [i- 
eo |_ 


■ft~+W*&. 


6. For R < d t flux will be zero. It is because there is no 

charge line inside the sphere (Fig. 2.81). _ 

For R > d, length inside sphere = 2 (s/R 2 — d 2 ) (Fig. 
2.82) 

So, charge inside = 2X R 2 — d 2 
2X JR 2 - d 2 


So, 4* — 


£0 




Fig. 2.82 

7. The flux passing through the strip of area dA 

d<j> = Ed A cos 0 

X .... d 


d(f> — 
d<p — 


InEo^/d 2 4- x 2 
Xdl dx 


(Idx) 


'Jd 2 + x 2 


2 n£o ( d 2 + x 2 ) 


<P = 


Xdl 1 


2 iT£q 




bn 

Xdl j 

f dx 

2 neo J 

d 2 -f x 2 

-bp. 

. X 1 

\bJ2 

tan 1 - 


d J 

\-b/2 
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XI 

2 n £o 


x 2 tan 1 



or $ 


XI 

“— tan 
X EO 


-1 





Fig. 2.84 


The number of lines passing through a surface is proportional to 
the flux passing through the surface. The number of lines passing 
through the plane surfaceABCD is equal to the number of lines 
passing through the curved surface. 

Amount of flux passing through the plane surface is equal to the 
line flux passing through the curved surface. 

0 b 

From Fig. 2.86, tan - = — 

2 2 d 




27r angle corresponds to flux 



Hence, $ angle corresponds to the flux, 


4> = 


0 

2 n 



XI 

-tan 

7T60 


-i 





/ 


8. I E dA- E( 47 n- 2 ) = 

eo 


(a) 


For;- > R, q in — I Ar 2 (Anr 2 )dr — An 
Jo 


AR S 


and E = 


.A/r 


5 s 0 r 2 

(b) For r < R,q m = f 
Jo 


Ar 2 (4nr 2 )dr = 


4 ttAR 5 


and 


E = 


AR 6 


9. Consider a spherical shell of radius x. The electric flux 
through this surface. 


4> 


-/ 


E ■ dS = E r Anr 2 


Therefore, electric flux through spherical surface of radius 
R will be 

4> = E R 4nR 2 


When ;■ — R, E R ~ otR 
(f> = qcRAttR 2 

By Gauss theorem, net electric flux 


= — x charge enclosed 
eo 

i 1 

(xRAnR — Gcncloxcd 
^0 


‘ * Gcncloscd — (47 T£q) ■ Of/?"* 

Given R = 0.30 m, a = 100 V/m 2 

Senclosed = - 'a X 100 X (0.30) 3 = 3 X 10" 10 
9 x 10 9 

coulomb. 

10. Consider a spherical surface of radius r(< R) having cen¬ 
tre at the centre of bail. If E is the magnitude of electric 
field strength at the surface, then electric flux through this 
surface = f E ■ dS — f EdSc os0° 



— E J dS = E4nr 2 


By Gauss theorem 


. f E.dS = - 
J e 0 


( Ccncloscd) 


If q is charge on ball, then 

r r 

(2enclosed = ^ + J pdV = q + J ~ ' 4 JtX 2 dX 


(i) 


I 
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From (i) 


= q H- 2 n<x(r 2 — r 1 ) 


1 


EAnr 1 = — [q + 2 na(r 2 - R 2 )] 

=* E = +*™ 0- 2 ~ * 2 )] 

_ Of 1 / q a R 2 \ 

or E = - -1-( -—- - - —r ) (n) 

2£q v^r 2 2 r 1 J 

This will independent of r if second term on R.H.S. is zero 
q aR 1 


l.e., 


— 0 


47rr 2 2/ -2 

q — 2 TraR 1 

Then electric field strength E will be E = ^ 


(iii) 


Objective Type 


1. a .<t> = E = NC~' m 2 

2. a. Outgoing flux is taken as +ve. 



Fig. 2.88 


3. a. Because net charge enclosed by the surface is zero. 

4. a. Inside a conductor, electric field is zero. Because ap¬ 
plied field is cancelled by field produced due to induced 
charges. 

5 b E = = 1 (4/3)?r j? 3 p/- _ pr_ 

7? 3 47r^o R 2 3^o 

6. d. Inside a hollow conductor, electric field is zero. At 
surface, it is maximum and then decreases. 

7. d. <j> = EA cos 9 

= 2Enb 2 cos 180° — - 200 Jib 2 


< 

A 


8. a. E = - 

£o 

+<7 




Fig. 2.90 


9. 


10 . 


11 . 


12 . 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20 . 


21 . 


22 . 


23. 


24. 


25. 

26. 

27. 


28. 


c. Electric field at any point on Gaussian surface is due to 
all charges present inside or outside the surface. 

b. Net charge on the conductor will be zero. So, net charge 
inside Si will be the charge on the rod. Hence, flux through 
Si is qle o- 

c. Electric field is zero inside the shell due to the changes 
outside it. 

a. Inside a uniformly charged solid sphere: E oc r 

b. There is no electric field inside a conductor. 

d. At any point inside the conductor, net electric field is 
zero. 

d. Electric field at any point near the surface of an arbitrary 
conductor is E = a/so> where a is the surface change 
density at that point. 



a. At any point on the curved surface, E and area vector 
are perpendicular to each other. 

q 0.1 x 1CT 6 

d ’ 6 e 0 ~ 6 x 8.85 x 10“ 12 
Q _ 0.5 

' Ke o 10 x 8.85 x 10-' 2 

q 

c. 4 > = — -> Independent of dimensions 
c.E = 2000 k, A = 10 x 20 x 10" 4 k 


<t> = E ■ A = 40 Vm 


b. Electric intensity may be zero on one side and non-zero 
on the other side. 

c. Flux through both will be same as net charge enclosed 
by both is same. 

b. We should know the total charge inside. There is no 
contribution in the flux due to outside charges, 
b. Net flux is due to charges inside only. 




q\n =0 


c. 1 -7-4+ 10 + 2- 5- 3 + 6 = 0 
Sum of all the charges is zero, so net flux is zero, 
a. Charge inside Si = q\ H- q^ = 3 x 10“ 6 C 
Charge inside S 2 = #2 + qi = — I x 10“ 6 C 
Charge inside Si is greatest. So, flux through Si is maxi¬ 
mum, 
a. 



Fig. 2.92 
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Electric Flux and Gauss's Law 2.29 


We see that one-third part of the ring will be inside the 
sphere. So, flux through the sphere 



29. b.E = 8 1 + 4 j + 3U = 100 Jc 


© 


Fig. 2.93 


E = 

2eo . 
F -E dr - 
2 


crdAcr 

2eo 


dA 2eo 

, cr 2 2 
Force = PttR 1 — -—nRr 
2s 0 

O 2 7 tR 2 


1 6jt 2 R 2 2E 0 32 ne 0 R 2 

(20 x tO” 6 ) 2 x 9 x 10 9 


8(1.5 x 10- 2 ) 2 


= 2000 N 


31. c. 



Imagine a charge q at the center of a cube of edge length 
2 L (Fig. 2.94). Then: 

*= q ~. 

£0 

Here, the square is one 24 th of the surface area of the 
imaginary cube, so it intercepts 1 /24 of the flux. That is, 

24^o 

32. a. To find the charge enclosed, we need the flux through 
the parallelopiped: 

<t>i = AE\ cos60° 

= (0.0500 m)(0.0600 m)(2.50 x 10 4 NC' 1 cos 60° 
= 37.5 Nm 2 C _l 
^2 = AE 2 cos 120° 

= (0.0500 m)(0.0600 m)(7.00 x 10 4 NCT 1 cos 60° 
= —105 Nm 2 C _l 


So, the total flux is 

<D = = (37.5 - 105) Nm 2 C' ! = -67.5 Nm 2 C _1 

q = ct>e 0 = (-67.5 Nm 2 /C £o = -5.97 x lO' 10 C. 
There must be a net charge (negative) in the parallelopiped since 
there is a net flux flowing into the surface. Also, there must be 
an external field or all lines would point toward the slab. 

33. c. The dielectric gets polarized as shown. 

-► E 



So, intensity at points A and C will increase and at B 
intensity will decrease. 

34. b. From the figure it is clear that the plate is placed in an 
external electric field. Let the electric field due to plate js 
E and E 0 be the external electric field. 

£0 + E = 12 Vm -1 
E 0 -E = 8 Vm" 1 

Solving equations, E = 2 Vm -1 and Eo = 10 Vm -1 

a 

Now, electric field due to plate = — = 2 

2e 0 

a =4g 0 


Multiple Correct 
■Answers Type 


1. a., d. Due to induction, charge on various faces are as 
shown below in Fig. 2.96. 



Charge on the inner surface of shell = +3 C 
Net charge on outer surface of shell =-3C+10C = +7C 
Distribution of charge on inner surface would be uniform 
if charge is placed at the centre, otherwise non-uniform. 
On outer surface, charge would be always uniformly dis¬ 
tributed as displacement of inside charges does not affect 
the distribution of the outer charge. 

—V 

2. b., d. In L.H.S. of Gauss's law, E is due to all point 
charges present in space and <j> depends only on the en¬ 
closed charges. 

3. b., c. 4> crossing through Gaussian surface does not de¬ 
pend on the location of charge, while E depends on it. 

lif q crosses the boundary, then </ CITC | OSCd changes and hence 
—> 

the flux and E also change. 
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Mi&ertion-Reasoning 




1. d. E in outside vicinity of conductor’s surface depends 

on all the charges present in the space, but expression 
-> a 

E = —. 

2. d. Due to displacement of charges within dosed surface E 
at any point may change. But net flux crossing the surface 
will not change. 

3. d. E at any point on Gaussian surface may be due to 
outside charges also. 

" 4. a. Statement II is true and according to that distribution of 
charge on outer surface is not affected by location inside 
of charges. 

5. a. From o' oc — and electric field at the conductor’s sur- 
a R 

face, E — —. We can say that Statement I is correct and 
. £ o 

■ Statement IT is correct explanation for it. 


For Problems 1-4 


f |Gpmprehension 

Ifpe . 


ns 2 = 

E = (-5.00 NC - ’m).xi + (3.00 NC~'m)zk. 

= 4 - $2(0.27 NCT 1 m)(0.300 m) 

= 0.081 NC -1 m 2 . 

= +j => <I >3 = E • ftj, A = 0. 

nj 4 = -k 

=£■ = E ■ As 4 A = -(0.27 NC _ 1 m)z = 0 (z — 0). 

fijj — +i 

=» $>5 = E ■ fii, A = (-5.00 NC -1 m)(0.300 mfx 

= —(0.45 NC _l m)jc 

= —(0.45 NC _1 m)(0.300 m) = -(0.135 NC“‘m 2 . 

. t 

n i(S = -1 

4 > 6 = E • n^A = +(0.45 (NCT'in)* = 0 (x = 0). 
Total flux, 

<J> = <t > 2 + <J > 5 = (0.081 - 0.135) NCT'm 2 

= -0.054 iWcT 1 

/. q = e 0 < I> = -4.78 x 10 _I3 C 

For Problems 9-10 

9. a., 10. d. 

Sol. Given that E = — B\ + Cj — Dk, <3> = E ■ A, 
Edge length L> and 


1. c., 2. a., 3. d., 4. d. 

Sol. 4> — E ■ A = EA cos 0 , where, A = An 

Aj, = -j(left), 4> s , = -(4 x 10 3 NC"'(0.1 m) 2 -cos(90° - 37°) 
= -24 Nm 2 C -1 
n Si = +k (top), 

<$> Sl = -(4 x 10 3 NC"')(0.1 m ) 2 cos 90° = 0 
ns, = +J (right), 

= +(4 x I0 3 NC _l )(0.1 m ) 2 cos (90° - 37°) 

= + 24 Nm 2 C -1 
\is A = -k (bottom), 

<J>s 4 = (4 x I0 3 NCT’XO.I m ) 2 cos90° = 0 


As, = -j =*■ $>i = E • An 5 , = -CL 1 . 

hs 2 = +k =+ $2 = E ■ An 5j = -DL 1 . 

fts, — +j =>• $3 = E • A As, = +CL 2 . 

A,s 4 = —k => <t >4 = E ■ An ^ 4 = +DL 1 . 

As 5 = +i =+ <t > 5 = E ■ An Sj = -BL 2 
n.s 6 = -i =» 4 > 6 = E • Aiis 6 = +BL 2 . 

Total flux = £?=i 4>; = 0 

For Problems 11-12 

11 . c., 12. c. 

Sol. f\ = — E\ a 2 = -aa} l2 a 2 
/i = -aaW 

and fi = Eia 2 = a ( 2 a ) 1 11 a 1 


n 5j = +i (front), 

= +(4 x 10 3 NC _l )( 0.1 m ) 2 cos 37° = 32 Nm a C -1 
A s 6 = —i (back), 

<t > 56 = -(4 x 10 3 NCr'XO.l in ) 2 cos 37° = -32 Nm 2 C _l 

The total flux through the cube must be zero; any flux 
entering the cube must also leave it. 

For Problems 5-8 
5. b., 6 . a., 7. b., 8 . a. 

Sol. Given, <P 2 — E ■ ns 2 

A = (3.00 NC“ l m)(0.300 m) 2 z, edge length L = 0.300 m 
and n t| = - j => = E ■ h Si A = 0. 


$2 — a/2^c 5/2 

$ nc ,=(V 2 -l)<*A 5 ' 2 



Fig. 2.97 


Using Gauss theorem (Fig. 2.97), 



q\n = $£o = (V2 - 1)£q« n 5/2 
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For Problems 13-18 

13. a., 14. a., 15. b., 16. a., 17. c., 18. a. 

Sol. (i) r < a. E - 0, since 2 = 0. (Fig. 2.98) 

(ii) a < r < b. E = 0, since Q- 0. 

1 2q 

(iii) b < r < c. Since Q — -Via, E =- 

4tt£o r 2 

(iv) c < r < d. E = 0, since 2 — 0. 


E 



(v) r > d. --since Q = + 64 . 

47Z'£q 

For Problems 19-22 
19. a., 20. b., 21. c., 22 . d. 

SoI.( i) Small shell inner surface: Q = 0 

(ii) Small shell outer surface: Q = +2q 

(iii) Large shell inner surface: Q = —2 q 

(iv) Large shell outer surface: 2 = + 6*7 

For Problems 23-26 
23. a., 24. b., 25. c., 26. c. 

Sol. 

i. Small shell inner surface: Q = 0 

ii. Small shell outer surface: Q = +2 q 

iii. Large shell inner surface: Q — —2q 

iv. Large shell outer surface: Q = —2q 

For Problems 27-32 

27. a., 28. a., 29. b., 30. a., 31. c., 32. b. 

Sol. (i) r < a. E = 0, since charge enclosed is zero. 

(ii) a < r < b. E = 0, since charge enclosed is zero. 

1 2 q 

(iii) b < r < c. E — --, since charge enclosed is 

. 47T£o r 1 

+2q. 

(iv) c < r < d. E = 0, since charge enclosed is zero 
Fig. 2,99. 


E 



(v)r > d, E = — —-since charge enclosed is — 2 a. 

47TC 0 z* 2 ^ 

1 

For Problems 33-38 

33. a., 34. a., 35. b M 36. a., 37. a., 38. c. 

Sol. 

i. r < a. £ = 0, since the charge enclosed is zero (Fig. 2.100). 

ii. a < r < b. E = 0, since the charge enclosed is zero. 

iii. b < r < c. E = —-—since the charge enclosed is 

47T£o >* 2 
2q. 

iv. c < y < d. E - 0, since the net charge enclosed is zero. 

v. r > d. E - 0, since the net charge enclosed is zero. 


E 



Fig. 2.100 


For Problems 39-42 
39. a. 40. b., 41. c., 42. a. 

Sol. 

i. Small shell inner surface: Q = 0 

ii. Small shell outer surface; Q = +2 q 

iii. Large shell inner surface: Q = -2 q 

iv. Large shell outer surface: 2=0 


For Problems 43-45 
43. b. 44. c. 45. a. 


Sol. i. 


qa _ qi> 

Ana 1 ' ° B Anb 2 


=> or 


<& + 

An R 2 



Fig. 2.101 

ii.£= 1 g<7 (Fig.2.104) 
4tt£ r L 


1 

in. E a = -— 

4 7t£ 


Q* p _ 
— > Zb — 


1 qb 


r* 4 tt£ r 2 

iv. Electric field at the centers of cavities due to other 
changes is zero, hence no force will be experienced. 































2.32 Physics for IIT-JEE: Electricity and Magnetism 


% 



(b) 

Fig. 2.102 



Gaussian 

Surfaces 


<°) 

Fig. 2.103 


v. Electric field outside the bigger sphere will change. 



1. -v b. } ii. d., iii. -» c. 

iv. c. iv. c. iv. -> d. 

X 


i. E = 

ii. Inside electric field, E = 0. 
... r f>r 

,m. E = -—. 


iv. E 


3bq 
Xr 


v. Inside a plane sheet, E <x r. 

vi. E is independent of r outside the plane sheet. 


2. i. b., ii. b., iii. ->■ c., iv. d. 

Sol. Distribution of charge on different surfaces of the plates 
have been shown. 


Q-g 


+ q 


-q 


q-2Q 


Fig. 2.104 

Take a point P on left most plate. The electric field at P 


E = 


Q-g 

2A 8q 2A so 2 A to 


g + 9 


9 .+ 9 


2 A Bo 2 A Bo 

(inside a conductor, E = 0) 
So, Q - q - q + 2Q = 0 


(g- 20 _ Q 
2>4 e 0 


32 


or 2^ = 3(2 
The charge appearing on outer surface of right most plate 


9 = T 


■ 3 Q O 

= g-2g = f-2fi = -| 

The charge on outer surface of left most plate 
30 Q 

Charge appearing on middle plate is - q and +q 

3Q 

i. e.,-— and + —. 

2 2 .. 

3. i. -> b., ii. -» d., iii. c., iv. -> a. 

Sol. i. Infinite plane sheet of charge = . 

2 to 

a 

ii. Infinite plane sheet of uniform thickness = —. 

£ o 

iii. Non-conducting charged solid sphere at its surface 

3Bq 

iv. Non-conducting charged solid sphere at its centre = 0. 
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The concept of potential energy was introduced in mechanics 
in connection with such conservative forces as the gravitational 
force and the elastic force exerted by a spring. By using the law of 
conservation of energy, we were able to avoid working directly 
with forces when solving various problems in mechanics. The 
concept of potential energy is also of great value in the study 
of electricity. Because the electrostatic force is conservative, 
electrostatic phenomena can be conveniently described in terms 
of.an electric potential energy. This idea enables us to define a 
scalar quantity known as electric potential . Because the electric 
potential at any point in an electric field is a scalar quantity, we 
can use it to describe electrostatic phenomena more simply than 
if we were to rely only on the electric field and electric forces. 

The potential is characteristic of the field only, independent of 
a charged test particle that may be placed in the field. Potential 
energy is characteristic of the charge-field system due to an 
interaction between the field and a charged particle placed in 
the field. , 

■ -- y 

EEECTRIC POTENTIAL AND ENERGY 

ElETctfostatic force is a conservative force. Thus, when an elec¬ 
trostatic force acts between two or more charged particles within 
a system of particles, we can assign an electric potential energy 
U to the system. 


y 







E 

t < 

r ' 

a/ 

4o( 

vT 

> 


n 

d 

? v 

r : L '• - < 

y -: 


■ : Fig, 3,1 

„ '-if the system changes'its configuration from an initial state 
“ a' fo a different final state 'b' (see Fig. 3.1), let the electrostatic 
force does work L W ' on the particles as in Figs. 3.2 and 3.3. 
Th a conservative field, we have a relation between change in 
potential energy and work done by conservative force 

A U = -W 


U h - U a = -W (i) 


ELECTRIC POTENTIAL ENERGY OF 
TWO POINT CHARGES 

Let us calculate the work done on a test charge moving in the 
electric field caused by a single, stationary point charge q. 

We will consider first a displacement along the radial line as 
shown in Fig. 3.4, from point a to point b. The force on qo is 
given by Coulomb's law, and its radial component is 



(a) Positive charge moves in direction of E : field does positive 
work on charge, potential energy [/decreases. 

(b) Positive charge moves in direction opposite to £ : field does 
negative work on charge, potential energy [/increases. 

Fig. 3.2 



(a) Negative charge moves in direction of E : field does negative 
work on charge, potential energy (J increases. 

(b) Negative charge moves in direction opposite to E : field does 
positive work on charge, potential energy [/decreases. 

Fig. 3.3 


i <m 
4jT£q r 2 


(0 


Test charge q Q 
moves from a to b h / 



Test charge q§ moves along a straight 
line extending radially from charge q. 

As it moves from a to b> the distance 
varies from r a to o,. 

Fig, 3,4 

The force is not constant during the displacement, and we 
have to integrate to calculate the work W tI _ >b done on qo by this 
force as qo moves from a to b> We find 







































Electric Potential 3.3 


n r b ] 

W„-* b = f F r dr = f -— , 


Cm df~ qQ0 


4tt£o 


(i_>) 

nj 


(ii) 


The work done by the electric force for this particular path 
depends only on the end points. 

In fact, the work is the same for all possible paths from a to 
b. To prove this, we consider a more general displacement (as 
shown in Fig. 3.5). The work done on r/o during this displacement 
is given by 

Wa-yij — f F cos <t> dl = f —!— *—■ cos (f> dl (iii) 

t Q i Ant o r 2 



The work done on charge q o by the electric field of charge q docs 
not depend on ihe pnlh taken, bin only on the distances r a and 

Fig. 3.5 

But the figure shows that cos (pill = dr. That is, work done 
during a small displacement dl depends only on the change 
dr in the distance r between the charges,, which is the radial 
component of the displacement. Thus, equation (iii) is valid even 
for this more general displacement; the work done on q Q by the 
electric field produced by q depends only on v (t and r b not on the 
details of the path (Fig. 3.6). These are the needed characteristics 
for a conservative force, ns we defined it in the section. Thus, 
the force on q 0 is a conservative force. 


<h 



The poieiiTiftl cecity associated will) n charge r/oOi point a 
depends on the other charges q\, m nnd on their distance 

r h and from point a. 

Fig. 3.6 

We see rhal equations (i) and (iii) are consistent if we define 

- to be the potential energy U u when qo is at point a y a 

AtTF^'o 

distance r a from q y and wc define — IS®— to be the potential 

An 

energy U b when r/o is at point /?, a distance r b from q. Thus, the 
potential energy U when the test charge q 0 is ot any distance r 
from charge q is 


U = 


1 

An £q r 


(electric potential energy of two point charges q and q 0 ) 
In case of discrete distribution charges, 


U = 


[dm + dm + 1 _ [ i gigj 

L '12 r 27 J 2 (4jre 0 ) f-J Hj 

[‘/2 is used as each term in summation will appear twice) 


4tt£o 


ELECTRON-VOLT 

k is the smallest practical unit of energy used in atomic nnd 
nuclear physics. An electron-volt is defined as the energy ac¬ 
quired by a panicle having one quantum of charge (i.e., e) when 
accelerated by l volt, i.e., 

1 cV= (1.6 x l(r 19 'c) x<l JC _1 >= 1.6 X I0- ,9 J 

(as U = qV) 


ELECTRIC POTENTIAL 


The work done by the electric force during a displacement from 
a to b: = - Af/ — - (U b — U a ). On a “work per unit 

charge” basis, we divide this equation by qo, obtaining 

= Af/ = /u b 
<7o <?o \qo Ro ) 

= —(Vh - V 0 ) = K - 14 (ij 


where V fl = ^ is the potential energy per unit charge at point 
a and similarly for V b . We call V a and V b the potential at point 
a and potential at point b y respectively. Thus, the work done per 
unit charge by the electric force when a charged body Moves 
from a to b is equal to the potential at V minus the potential 
at l b\ 

The difference V t} — V b is cal led the potential of a with respect 
lob. We sometimes abbreviate this difference as V nb = V„ — V h 
(note the order of the subscripts). In electric circuits which we 
will analyze in later chapters, the potential difference between 
two points is often called voltage. Equation (i) then states that 
V nb , the potential of 'a * with respect to 'b \ equals the work done 
by the electric force when a UNIT charge moves from ‘a’ to V. 

Also, 14 *, the potential of a with respect to b , equals the work 
that must be done to move a UNIT charge slowly from b 10 a 
against the electric force. 

To find the potential V due to a single point charge q, we 
divide U by qo> 


Ro An £q r 

(potential due to a point charge q at a distance r from it) 
where r is the distance from the point charge q to the point at 
which the potential is evaluated. 

Regarding potential it is worth noting that 


• It is u scalar quantity having dimensions [ V ] 
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be 


As b > a, so charge on the outer surface of outer shell will 
2 (^ 0 ) > 0 . 


b. Potential of outer surface Vq = Potential due to charge on A 
+ Potential due to charge on B. 


V B 


Kl >QUt 
1 

47T£q 


4 ~ V^bollisurfaccs — 


[ q' f 18 

4tt£q b 4 tt£o b 


K) + ^e 

b 4 neo b 


Q(b - a) 
Ans^b 2 


Two circular loops of radii 0.05 and 0.09 
m, respectively, are put such that their axes coincide and 
their centers are 0.12 m apart. Charge of 10 “ 6 coulomb is 
spread uniformly on each loop. Find the potential difference 
between the centers of loops. 

Sol. The potential at the center of a ring will be due to charge 
on both the rings and as every element of a ring is at a constant 
distance from the center, so 


y. = 


47T £ 0 






& 


+ X' 


or, V\ = 9 x 10 9 
or, V, = 9 x 10 5 


10 


-4 


10- J 

5 V9 2 + 12 

1 1 

5 + T5 




V ^ T 1 ^ J 

- = 2.40 x I0 5 '' 

>J 


<72 



Similarly, V 2 = 


I 


4JT7-0 

or, V 2 = 9 x 10* 


Si 

Ri 


<7i 


ft] 


+ X 1 


1 1 ' 

9 + 71 


98 , 

=- x 0 s 

117 


=> V 2 = 1.69 x 10 s V 

So, V\-V 2 = (2.40 - 1.69) x 10 5 = 71 kV 

llllflili A very small sphere of mass 80 g having a 
charge # is held at a height'bf 9 m vertically above the centre 


of a fixed conducting sphere of radius J m, carrying an equal 
charge q . When released, it falls until it is repelled back just 
before it comes in contact with the sphere as in Fig. 3.46. 
Calculate the charge q. [g = 10 m/s a ] 


Sol. Keeping in mind that here both electric and gravitational po¬ 
tential energies are changing and for an external point a charged 
sphere behaves as if whole of its charge were concentrated at 
its centre. Applying conservation^energy between initial and 
final positions, we have 


<1<J 


4;T£o 9 


+ mg x 9 


i r 

47T£g 1 


+ Mg X l 


as KE is zero at both locations 


or q 2 


80 x I0“ J x 10 
iff 


or q 


= 20v/2 pC 



A circular ring of radius R with uniform 
positive charge density X per unit length is located in the 
y-z plane with its center at the origin 0 . A particle of 
mass m and positive charge q is projected from the point 
o, o] on the negative x-axis directly towards 
0, with initial speed v. Find the smallest (non-zero) value of 
the speed such that the particle does not return to PI 

(IIT-JEE, 1993) 

Sol. As theelectric field at the center of a ring is zero, the particle 
will not come back due to repulsion if it crosses the center (Fig. 
3.47), he., 

1 IIIV 2 + 1 c iQ > 1 hQ 

7 4tt£q r Attsq R 


But here, Q = 2tt RX and r = 



= 2 R 



x 
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A non-conducting disk of radius a and 
uniform positive surface charge density cr is placed on the 
ground, with its axis vertical. A particle of mass m and 
positive charge q is dropped, along the axis of the disk, 
from a height H with zero initial velocity. The particle has 
q/m = e^g/a. 

a. Find the value of H if the particle just reaches the disk. 

b. Sketch the potential energy of the particle as a function 
of its height and find its equilibrium position. 

(IIT-JEE, 1999) 

Sol. 

a. Given that: a = radius of disk, a - surface charge density, 
q/m = 4E 0 g/cr 

The K.E. of the particle, when it reaches the disk can be 
taken as zero. 

Potential due to a charged disk at any axial point situated 
at a distance x from O. 

V(x) = [Vo 2 + A' 2 -a-J 

Hence, V(H) = ~ \- H 1 and V(0) = — 
2e 0 L J 2eo 


H 



Fig. 3.48 

According to law of conservation of energy. 

Loss of gravitation potential energy = gain in electric 
potential energy 

mgH = qAV = ?[V(0)- V(H)] 

=> mgH = q[a - {,/(a 2 + H 2 ) - H)] (i) 

2fo 

a 

From the given relation — = 2 mg (given) 

2^o 

Putting this in equation (i), we get 

mgH = 2 mg[a - [y/(a 1 + H 1 ) - H}] 
or H = 2[a + H — ^/ (o 2 + W 2 )] 

orH=2a+2H -2j(a 2 + W 2 )or,2vV + W)=H +2a 

or 4a 2 +4// 2 = H 2 + Act 2 +4aH or 3 H 1 = 4a H or H — — 

3 

H = 0 is not valid] 

b. Total potential energy of the particle at height h. 

U(x) = mg * + qV(x) = mgx + ^—( y/a 1 + A ' 2 - x) 

2£o 


00 


dU 

For equilibrium: — 0 

dx 
a 

This gives: x = —= 
v 3 

From equation (ii), graph between U(h) and h will be as 
shown in Fig. 3.49. 


U 



Three concentric conducting shells of 
radii a , b and c are shown in Fig. 3.50. Charge on the shell of 
radius b is Q . If the key K is closed, find the charges on the 
innermost and outermost shells and ratio of charge densities 
of the shells. Given that a : b : c = 1 : 2 : 3. 

Sol. After closing the key, the innermost and outermost shells 
will be at the same potential. Let the charge on the outer shell 
be q and that on the inner shell be - q , the total charge on inner 
and outer shells is zero. 



Fig. 3.50 


Potential on innermost shell, 


V 0 = sum of potentials due to — q y Q and q 

=-i + &+i 

a b c 

Similarly, potential on the outermost shell, 

=> V, = -i+“ + « 
a c c 

q O q q Q q 

As V,; = V ct we have-- + ^ + - = -- + — + - 

a b c a c c 

From the given conditions, c = 3a, b - 2a. 

Equation (i) now becomes 

-l+tL = -± + SL 

a 2 a 3r/ 3<r/ 

Q 

or q = j 

T Q 

Thus, charge on outermost shell = — 

4 


= mgx + 2 mg + [\J(a 7 + x 1 ) — x] 

= mg [2v/(« 2 +^) - x] 


or 
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Q 

Charge on innermost shell = — —; 




a b = 

+Q 


±Q = Q 

4jt6 2 4ir(4a 2 ) ’ 


Example 3.10- 


4jt(9a 2 ) 

_A conducting sphere of radius r is at¬ 
tached to an insulating handle. Another conducting sphere 
S 2 of radius R is mounted on an insulating stand. Si is ini¬ 
tially uncharged. 

Si is given a charge Q , brought into contact with S 2 and 
removed. Si is recharged such that the charge on it is again 
Q ; and it is again brought into contact with S 2 and removed. 
This procedure is repeated n times. 

a. Find the electrostatic energy of S 2 after n such contacts 
with Si. 

b. What is the limiting value of this energy as n 00 ? 


Sol. 


(IIT-JEE, 1998) 


a. When the spheres S| and S 2 come in contact, there is transfer¬ 
ence of charges till the potentials of the two spheres become 
equal. 

During first contact, 

V\ — Vi [q\ charge shifts from S\ to S 2 ] 


K(Q-q 1 ) 




During second contact, again V\ — V 2 
K[Q~{q 2 -qi)] ^ Kqi 
r R 

[{q 2 — q\) charge shifts from S\ to S 2 ] 

qi = Q 

On third contact, again V\ = V 2 

^[Q-to-^ 2 )] _ Kq 3 
r R 

[0?3 — ^ 2 ) charge shifts from S\ to S 2 ] 

43 = Q 


R + ( 

f R \ 2 ~ 

R + r ' 

<R + r) _ 


R +1 

( R V+i 

( R VI 

R+r ’ 

{R + r) + ’ 

U +r) _ 


On nth contact by symmetry V\ = V 2 

k IQ - (g„ Kq „, 


r R 

[{q„ — q n -\) charge shifts from Si to 5a] 


<7-. = Q 


R +i 

' Ji \ 

R + r + < 

\*+r) 


+ ■ ■ ■ + 


R + r 


-( 4 ;) 


1 - 


{*/(* + 


QR 

r 


1 - R/(R 

-(^)1 


rni 

+ oJ 


The electrostatic energy of S 2 after n contacts is 


u- I«i = I x _l_ 

1 2 C 2 4tt£qR 

b. The limiting value 




It U„= It 

n—>-oo n—voo 


1 l 

— X - 

2 4rreo^ 


OR 

r 




Q 2 R 


2(4x£ Q )r 2 


Two isolated metallic solid spheres of radii 
R and 2 R are charged such that both of these have same 
charge density cr. The spheres are located far away from 
each other, and connected by a thin conducting wire. Find 
the new charge density on the bigger sphere. 

(IIT-JEE, 1996) 

Sol. For sphere of radius R (Fig. 3.51), a = 


<7i 


4 n R 2 


q\ = a x An R 2 



For sphere of radius 2 R (Fig. 3.52), a — 
q 2 ~ a x 16 it R 2 


<12 


An{2R) 2 


<7i 



Connecting 

Wire 



-'- 7~ 

Fig. 3.52 

When the two spheres are connected, then the potential on the 
two spheres will be same. There wilt be a rearrangement of 
charge for this to happen. 

Let q[ and be the new charges on the two spheres. Since 
the total charge remains the same, 

q\ + q 2 = q\+ qi — a x 20 n R 2 

Also, since V] — V 2 


(i) 


_L £l 

4tt^o R 


l 


$2 . 


V\ = 


<12 


Atteq 2R > ' li 2 

Substituting the value of q[ from (ii) in (i) 

— + = (T X 20 JT R 1 

2 1 

=* 3 ^ = ox20tcR 1 

2 


(ii) 


- 1 5 

4tt(2 R) 2 3 X 2 


<?2 


qi 5<j 

New charge density on bigger sphere = ^ 
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a. A charge of Q coulomb is uniformly distributed over a 
spherical volume of radius R metre. Obtain an expression 
for the energy of the system. 

b. What will be the corresponding expression for the energy 
needed to completely disassemble the planet earth against 
the gravitational pull amongst its constituent particles? 

Assume the earth to be a sphere of uniform mass 
density. Calculate this energy, given the product of the 
mass and the radius of the earth to be 2.5 x 10 31 kg m. 

c. If the same charge of Q coulomb as in part (a) above is 

given to a spherical conductor of the same radius R , what 
will be the energy of the system? (IIT-JEE, 1992) 

Sol. 

a. Let us consider a shell of the thickness dx at a distance x 
from the center of a sphere (Fig. 3.53). 



= -7t[(jc + ^) 3 -jc 3 ] = - n . 


= -* X 


3 dx 

1 +-1 

x 


= 3™ 



Let p be the charge per unit volume of the sphere. 
Charge of the shell = dq = 47tx 2 pdx 
Potential at the surface of the sphere of radius x 


1 


x = 


P X —71X 

H 3 




4 7T&0 X 

.\ potential at the surface of the sphere of radius 


x = 


px*- 

3 Sq 


Work done in bringing the charge dq on the sphere of 
radius 


P* 

x = -— x dq 
3sq 


i.e., dW = -— x 4n x 1 pdx 

3^o 

Therefore, the work done in accumulating the charge Q 
over a spherical volume of radius R meter, 



4 np 1 R 5 
3 sq 5 


An / Q \ 2 R s 

_ 3eo U4/3]irW 5 


3<2 2 


20tT£oK 


This is also the energy stored in the system, 
b. The above energy calculated is 

3KQ 2 


E = 


3 Q 2 


, where K = 


1 


5 x (4nso)R 5 R ’ Ane^ 

In case of earth and gravitational pull, K may be re¬ 
placed by G. Therefore, the energy required to disassemble 
the planet earth against the gravitational pull amongst its con¬ 
stituent particles is the work required to make earth from its 
constituent particles. 

3 GM 1 

E = — 7 ^— [■.■ Q is replaced by M ] 


5 R 

(Using F = an d 


„ GM 

B»u = ^r 


gMR = 


Gm\m 2 

r = j—J 

r 2 

GM 2 


R 


\ E = ~gMR = L 10 x 2.5 x 10 31 = 1.5 x 10 32 J 

c. During the charging process, let at any instant the spheri¬ 
cal conductor has a charge q on its surface (Fig. 3.54). The 

1 q 

potential at the surface = -—— x — 

4tt£ 0 R 



Small amount of work done in bringing a charge dq 

1 q 

move on the surface will be d W = --x —■ x dq 

4jt£q R 

Therefore, total amount of work done in bringing charge 
Q on the surface of spherical conductor 


w= ^_f qdq= _^\q Q = 

4jt£ 0 R J 4tc£qR |_ 2 Jo 


(SneoR) 


Alternative solution of part (c) 

If we consider the charged spherical capacitor as an isolated 
capacitor, then the energy stored in the capacitor is given by 

1 Q 2 

E = - — (where C = capacitance of the capacitor) 
For an isolated capacitor, C = 47T£qR. 

Q 2 


E = 


8 JT SqR 


= energy of the system 
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EXERCISES 


Subjective Type 


Solutions on page 3.33 


1. Fig. 3.55 shows two equipolential lines in x-y plane 
for an electric field. Find the x -component (E x ) and y- 
component ( E y ) of field in space between these lines. 

3 

l 


O 2 4 6 8 

-► 

cm 

Fig. 3.55 

2 . The variation of electric potential for an electric field di¬ 
rected parallel to the x-axis is shown in the given graph 
(Fig. 3.56). Draw the variation of electric field strength 
with x-axis. 




Fig. 3.56 

3. Identical charges —q each are placed at 8 comers of a 
cube of each side b , find ihe electrostatic potential energy 
of a charge +q which is placed at the center of cube. 

4. At a point due to a point charge, the values of electric 
field intensity and potential are 32 NC" 1 and 16 JC _I , 
respectively. Calculate 

a. magnitude of the charge, and 

b. distance of the charge from the point of observation. 

5. Four charges +q t —q > A-q and —q are placed in order on 
the four consecutive^ comers of a square of side a. Find 
the work done in interchanging the positions of any two 
neighboring charges of opposite sign. 

6 . Water from a tap maintained at a constant potential of V 
is allowed to fall by drops of radius r through a small hole 
into a hollow conducting sphere of radius R standing on 
an insulating stand until it fills the entire sphere. Find the 
potential of the hollow conductor, after it is completely 
filled with water 

7. Three point charges of 0.1 C each are placed at the comers 
of an equilateral triangle with side L = 1 m. If this system 
is supplied energy at the rate of l kW, how much time will 
be required to move one of the charges on to the mid-point 
of the line joining the other two? 

8 . Fig. 3.57 shows a large conducting ceiling having uniform 
charge density o below which a charge particle of charge 
qo and mass tn is hung from point 0 * through a small string 
of length L Calculate the minimum horizontal velocity 
required for the string to become horizontal. 


y//////////////////////A 

++++++++++ 



4o 

Fig. 3.57 


> V 


9. A non-conducting sphere of radius R = 5 cm has its center 
at the origin O of coordinate system as shown in Fig. 3.58. 
Its has two spherical cavities of radius r - l cm, whose 
centers are at (0,3 cm), (0. -3 cm), respectively, and solid 
material of the sphere has uniform positive charge density 
p = 1 In pCm -3 . Calculate electric potential at point P (4 
cm, 0). 


y 



10. Two identical thin rings, each of radius R meter, are coax¬ 
ially placed at a distance of R meter from each other. If 
Q\ coulomb and Q 2 coulomb are the charges uniformly 
spread on the two rings, find the work done in moving a 
charge q from the center of one ring to that of the other 

11. Fig. 3.59 shows three concentric thin spherical shells A , 
B and C of radii R> 2R and 3R. The shell B is earthed and 
A and C are given charges q and 2q , respectively. Find 
the charges appearing on all the surfaces of A, B and C. 



12. Three conducting spherical shells have radii a, b and c 
such that a < b < c (Fig. 3.60). Initially, the inner shell 
is uncharged, the middle shell has a positive charge Q and 
the outer shell has a negative charge - Q . 

a. Find the electric potential of the three shells. 

b. If the inner and outer shells are now connected by a 
wire that is insulated as it passes through the middle 
shell, what is the electric potential of each of the three 
shell? Also, what is the final charge on each shell? 
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13. Fig* 3,61 shows three concentric spherical conductors A , 
B and C with radii R , 2 R and 4 R, respectively. A and C 
are connected by a conducting wire and B is uniformly 
charged (charge = +g). Find 

a. charges on conductors Aand C,. 

b. potentials of A and B. 



Fig. 3.61 

14. Two concentric shells of radii R and 2R are shown in Fig* 
3.62. Initially, a charge q is imparted to the inner shells. 
Now, key K\ is closed and opened and then key K 2 is 
closed and opened. After the keys K \ and K 2 are alter- 
nately closed n times each, find the potential difference 
between the shells* Note that finally the key K 2 remains 
closed* 



of suspension. Determine the minimum horizontal veloc¬ 
ity which should be imparted to the lower ball so that it 
can make a complete revolution. 

F 


u 
F 

Fig. 3.63 

17. Two fixed charges -2 Q and Q are located at the points 
with coordinates (—3^, 0)and(-j-3a, 0), respectively, in 
the x-y plane. 

a. Show that all points in the x-y plane where the elec¬ 
tric potential due to the two charges is zero lie on a 
circle. Find its radius and the location of its center. 

b. Give the expression V(x) at a general point on the 
rc-axis and sketch the function V(x) on the whole 
jc-axis. 

c. If a particle of charge +q starts form rest at the center 

of the circle, show by a short quantitative argument 
that the particle eventually crosses the circle. Find its 
speed when it does so. (IIT-JEE, 1991) 

18. A point charge q is located at the center 0 of an un¬ 
charged spherical capacitor provided with a small orifice. 
The inside and outside radii of the capacitor are a and b , 
respectively (Fig* 3.64), What amount of work has to be 
performed to slowly transfer the charge q from the point 
O through the orifice and to infinity ? 


> 


Fig. 3.64 






Fig. 3.62 

15. Three charges each of value q are placed at the comers of 
an equilateral triangle. A fourth charge Q is placed at the 
center of the triangle. 

a. Find the net force on charge *q\ 

b. If Q — —q } will the charges at the corners move to¬ 
wards the center or fly away from it? 

c. For what value of Q at O will charges remain sta¬ 
tionary? 

d. In the situation (c), how much work is done in remov¬ 
ing the charges to infinity? 

(IIT-JEE, 1978) 

16. An small ball of mass 2 x 10 -3 kg having a charge of 
1 juC is suspended by a string of length 0.8 m. Another 
identical ball having the same charge is kept at the point 


19. Four point charges -F8mC, —1 mC, —1 mC and +8 mC 

J , fTT /3 [3 

fixed at the points - J — m, — J - m, + Jm and 


are 


+J — m, respectively, on the y-axis. A particle of mass 


6 x 10 _4 kg and charge +0.1 juC moves along the re¬ 
direction. Its speed at x — -j-oois Vo-Find the least value 
of Vo for which the particle will cross the origin. Find also 
the kinetic energy of the particle at the origin. Assume that 

space is gravity free* Given-= 9 x 10 9 Nm 2 C~ 2 . 

4tt£o 


(IIT-JEE, 2000) 


20. Charges +q and —q are located at the comers of a cube of 
side as shown in Fig. 3.65. Find the work done to separate 
the charges to infinite distance* (IIT-JEE, 2003) 
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-q +q 



-q + q 


Fig. 3.65 

21. Two uniformly charged large plane sheets S\ and Si hav¬ 
ing charge densities <T) and oi (a\ > cji) are placed at a 
distance d parallel to each other. A charge qo is moved 
along a line of length a (a < d) at an angle 45° with the 
normal to S \. Calculate the work done by the electric field. 

(IIT-JEE, 2004) 

22 . For the electrostatic charge system as shown in Fig. 3.66, 



Fig. 3.66 

a. find the net force on electric dipole. 

b. Also, find electrostatic energy of the system. 

23. Four charge particles each having charge Q are fixed at 
comers of base (at A> B> C and D) of a square pyramid 
with slant length V (AP =BP - DP = PC = a). A charge 
—Q is fixed at point P. A dipole with dipole moment p is 
placed at the center of base and perpendicular to its plane 
as shown in Fig. 3.67. Find 


P 



a. force on dipole due to charge particles. 

b. potential energy of the system. 

24. Three identical dipoles with charges q and —q and sepa¬ 
ration a are placed' on the corners of an equilateral A of 
side d as shown in Fig. 3.68. Find the interaction energy 
of the system (a << d). 




+ 9 p\ 


-s-OtfO- 

B +a 


+ lPc 


d 

Fig. 3.68 


-► 


Objective Type 


Solutions on page 3.38 


1. A charge q is accelerated through a potential difference 
of V. Find its kinetic energy. 

a. qV b. qV/2 

c. V d. None of these 

2. The dimensional formula of electric potential is 

a. [ MLT.-'A- '] b. [ML 2 T~ 2 A~'] 

c. d. [ML 2 T~ 2 A~ 2 ] 

3. If a conductor is electrically neutral, then 

a. net charge on it should be zero 

b. potential on it should be zero 

c. both charge and potential should be zero 

d. none of them may not be zero 

4. An electron is released from rest in a region of space with a 
non-zero electric field. Which of the following statements 
is true? 

a. The electron will begin moving toward a region of 
higher potential. 

b. The electron will begin moving toward a region of 
lower potential. 

c. The electron will begin moving along a line of con¬ 
stant potential. 

d. Nothing can be concluded unless the direction of the 
electric field in known. 

5. Fig. 3.66 shows two parallel surfaces A and B at the same 
potential, kept at a small distance r from each other. A 
point charge q is taken from the surface A to B, The 
amount of work done is 



Ane^r 


6 . Inside a hollow charged spherical conductor, the potential 

a. is constant 

b. varies directly as the distance from the center 

c. varies inversely as Che distance from the center 

d. varies inversely as the square of the distance from the 
center 

7. A hollow metal sphere of radius 5 cm is charged such that 
the potential on its surface is 10 V. The potential at the 
center of the sphere is 

a. OV b. 10 V 

c. same as at point 5 cm away from the surface 

d. same as at a point 20 cm away from the surface 

I (IITJEE, 1983) 
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8 . The electric potential at the surface of an atomic nucleus 
(Z = 50) of radius of 9x 10 " 15 m is 
a. 80 V b. 8xl0 6 V 

c. 9 V d. 9xl0 5 V 


9. A ball of mass 1 g carrying a charge 10 -8 C moves from 
a point A at potential 600 V to a point B at zero potential. 
The change in its K.E, is 
a. — 6 xl 0 " 6 erg b. - 6 xKT 6 J 

c. 6 x 10 “ 6 J d. 6 x 10 " 6 erg 


10. A large insulated sphere of radius r charged with Q units 
of electricity is placed in contact with a small insulated 
uncharged sphere of radius r 1 and is then separated. The 
charge on the smaller sphere will now be 


Sfr' + O 

r 1 


Q(r' + r) 


c. 


Qr 

r J + r 


d. 


Qr' 

r* + r 


11. Potential energy of two equal negative point charges 2 pC 
held 1 m apart in air is 
a. 2 J b. 2 eV 


c. 4 J 


d. 0.036 J 


12. Two point charges 4 pC and —2 pC are separated by a 
distance of 1 m i n air. At what point in between the charges 
and on the line joining the charges is the electric potential 
zero? 

a. In the middle of the two charges 

b. l/3mfrom4pC 

c. 1/3 m from— 2pC 

d. Nowhere the potential is zero 

13. Which of the following is/are proportional to the inverse 
square of the distance xl 

a. The potential at a distance x from an isolated point 
charge 

b. The electric field at a distance x from an isolated point 
charge 

c. The force per unit length between two thin, straight, 
infinitely long current carrying conductors, parallel 
to each other, separated by a distance *. 

d. The electrostatic force between two large charged 
bodies kept at a small distance x apart. 

14. Two conducting spheres of radii r\ and r 2 have same elec- 
trie field near their surfaces. The ratio of their electrical 
potentials is 

a. 4 b . '1 ,3 d . 3 

r\ rf r 2 n 

15. Three charges 2 q,-g and - q are located at the vertices 
of an equilateral triangle. At the center of the triangle 

a. the field is zero but potential is non-zero 

b. the field is non-zero but potential is zero 

c. both field and potential are zero 

d. both field and potential are non-zero 

16. The variation of potential with distance R from fixed point 
is shown in Fig. 3.70* The electric field at R - 5 m is 



a. 2.5 Vm " 1 b. -2.5 Vm " 1 

c. 0.4 Vm -1 d. -0.4 Vm " 1 


17. When a 2 pC of charge is carried from a point A to point 
B , the amount of work done by electric field is 50 pJ> 
What is the potential difference and which point is at a 
higher potential? 

a. 25 V, B 

b. 25 V, A 

c. 20 V, B 

d. Both are at same potential 

18. The work done in taking a unit positive charge from P to 
A is W A and from P to B is WV 



a. Wa> W b b. W A < W B 

c. W A = W B d. W A + W B = 0 

19. Four charges + 4 , -q, +q and —q are put together on four 
comers of a square as shown in Fig. 3.72. The work done 
by external agent in assembling this configuration is 




Fig. 3.72 


a. zero b. —2.59 kq^ja 

c. +2.59 kq 2 /a d. none of these 


20. For the isolated charged conductor shown in Fig. 3.73, the 
potentials at points A, C and D are V Ay V B y Vcs and 
V 0i respectively* Then 

a. V a = Vb>V c > Vd 

b. > V c > V* = V A 

c. V D > V c > V* > V A 

d. Vo — Vc — Vg ^ Va 



Fig. 3.73 
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21. The electric field in a region surrounding the origin is 
uniform and along the x-axi$. A small circle is drawn 
with the center at the origin cutting the axes at points A , 
B t C and D having coordinates (a, 0), (0, a\ (- a , 0) and 
(0, — a), respectively, as shown in Fig. 3,74. Then, the 
potential is minimum at 



a. A b. B c. C d. D 

22. A small conducting sphere of radius a , carrying a charge 
of +Q t is placed inside an equal and oppositely charged 
conducting shell of radius b such that their centers coin¬ 
cide. Determine the potential at a point at a distance of c 
from center such that a < c < b. 

a. k(Q/c + Qlb) b. k(Qla + Qib) 

c. k{Q/a - Qib) d. k(Qlc - Qib) 

23. Two metal spheres (radii n, with rj < r 2 ) are very far 
apart but are connected by a thin wire. If their combined 
charge is Q, then what is their common potential? 

a. kQ/(n + r 2 ) b. kQ/(r\ -r 2 ) 

c. —kQl{ry A-r 2 ) d. -kQlr\r% 

24. Mark correct statement 

a. If E is zero at certain point, then V should be zero at 
that point. 

b. If E is not zero at certain point, then V should not be 
zero at that point. 

c. If V is zero at certain point, then E should be zero at 
that point. 

d. If V is zero at certain point, then E may or may not 
be zero. 

25. Variation in potential is maximum if one goes 

a. along the line of force 

b. perpendicular to the line of force 

c. in any direction 

d. none of these 

26. An uncharged conductor A is brought near a positively 
charged conductor B. Then 

a. the charge on B will increase but the potential of B 
will not change 

b. the charge on B will not change but the potential of 
B will decrease 

c. the charge on B will decrease but the potential of B 
will not change 

d. the charge on B will not change but the potential of 
B will increase 

27. Two spherical conductors of radii R \ and R 2 are sepa¬ 
rated by a distance much larger than the radius of the 
either sphere. The spheres are connected by a conducting 
wire as shown in Fig. 3.75. If the charges on the spheres in 


equilibrium are q\ and respectively, what is the ratio 
of the field strength at the surfaces of the spheres? 



a. R 2 /R } b. R\/R} 

c. R ] !R 2 d. R\IR\ 

28. There is an electric field E in x -direction. If the work 
done 6y electric field in moving a charge of 0.2 C through 
a distance of 2 m along a line making an angle 60° with 
x-axis is 4 J, then what is the value of El 

a. n/ 3NC~' b. 4 NC" 1 

c. 5 NC" 1 d. 20 NC" 1 

29. Some equipotential surfaces are shown in Fig. 3.76. The 
magnitude and direction of the electric field is 


20 V 30 V 40 V 



5 = 30 ° 


Fig. 3.76 

a. 100 Vm _l making angle 120° with the jc-axis 

b. 200 Vm _l making angle 60° with the x-axis 

c. 200 Vm" 1 making angle 120° with the-x-axis 

d. none of the above 

30. In moving from A to B along an electric field line, the 
electric field does 6.4xl0 -19 J of work on an electron. 
If 0i and 02 are equipotential surfaces, then the potential 
difference V£ - Va is 



a. -4 V b. 4 V 

c. zero d. 6.4 V 

31. Two identical rings P and Q of radius 0.1 m are mounted 
coaxially at a distance 0.5 m apart. The charges on the 
two rings are 2 and 4 pC, respectively. The work done in 
transferring a charge of 5 pC from the center of P to that 
of Q is 

a. 1.28 J b. 0.72 J 

c. 0.144 J d. 2.24 J 

32. n charged drops, each of radius r and charge q , coalesce 
to form a big drop of radius R and charge Q. If V is the 
electric potential and E is the electric field at the surface 
of a drop, then 

£big = small b. Vbjg — Vgmaii 
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£small — n^Ebtg d. V b ig = n yi V sm) s\ 

33. A small positively charged sphere is placed inside a pos¬ 
itively charged spherical shell. What happens if the inner 
sphere is connected with the outer shell by a conducting 
wire? 

a. The entire charge of inner sphere will be transferred 
to outer shell and then both will be at same potential. 

b. The entire charge of inner sphere will be transferred to 
outer shell and then both will be at different potential- 

c. The entire charge of outer shell will be transferred to 
inner sphere and then both will be at same potential. 

d. Nothing can be predicted. 

34, At a point in space* the electric field points towards north. 
In the region surrounding this point* the rate of change of 
potential will be zero along 

a. north b. south 

c. north-south d. east-west 


35. 


A positive point charge q is carried from a point B to a 
point A in the electric field of a point charge +Q at 0 . If 
the permittivity of free space is s 0 » the work done in the 
process is given by (where a = OA and b - OB) 

qQ 

U b, 


, /i + ij 

4neo \n b) 

. 92 fi_i 
Vo 2 b 2 


4jT6o 


d. 


4 7TS 0 

qQ_ 

4tt£ 0 


f~ — 

U 2 + b 2 


36. A spherical charged conductor has surface density of 
charge = or. The electric field intensity on its surface is 
E. If radius of surface is doubled* keeping a unchanged* 
what will be electric field intensity on the new sphere? 

a. £72 b. El 4 

c. IE d. E 

37. In the above question* if V be the electric potential of the 
first sphere* what would be the electric potential of the 
second sphere? 

a. 2V b. VI2 

c. W4 d. V 


38. Which of the following is discontinuous across a charged 
conducting surface? 

a. Electric potential 

b* Electric intensity 

c. Both electric potential and intensity 

d. None of the above 

39. The electric field lines are closer together near object A 
than they are near object 8 . We can conclude 

a. the potential near A is greater than the potential near 
B 

b. the potential near A is less than the potential near B 

c. the potential near A is equal to the potential near B 

d. nothing about the relative potentials near A and B 

40. As shown in Fig- 3.78* a dust particle with mass 
m = 5.0 x 10“ 9 kg and charge q 0 = 2.0 nC starts from 
rest at points and moves in a straight line to points. What 
is its speed v at point bl 



Fig. 3.78 


a. 26 ms '' 1 b. 34 ms 1 

c. 46 ms " 1 d. 14 ms " 1 


41. Charges ~q> Q and -q are placed at equal distance on a 
straight line. If the total potential energy of the system of 
three charges is zero, then find the ratio Qiq . 


hi-2 r -M 

Fig. 3.79 

a. 1/2 b. 1/4 

c. 2/3 d. 3/4 


42. ABC is a right angled triangle* where AB and BC are 25 
and 60 cm. respectively. A metal sphere of 2 cm radius 
charged to a potential of 9 x 10 5 volt is placed at £ as 
in Fig. 3.80. Find the amount of work done in carrying a 
positive charge of 1 coulomb from C to A. 


A 



Fig. 3.80 

a. 21 kJ b. 42 kj 

c. 14 kJ d. 52 kJ 

43. Two charged particles having charges 1 and -1 pC and of 
mass 50 gm each arc held at rest while their separation is 
2 m. Find the speed of the particles when their separation 


is 1 m. 

a. - m/s 



b. 

s m, ‘ 

C. ^ n,/s 

d. 

? m/s 


44. A 100 eV electron is projected directly towards a 
large metal plate that has surface charge density of 
-2.0 x 10 ~ 6 Cm -2 . From what distance must the elec¬ 
tron be projected* if it is to just fail to strike that plate? 

a. 0.40 mm lx 0.20 mm 

c. 1 mm d. 0.30 mm 

45. A solid sphere of radius R is charged uniformly. At what 
distance from its surface is the electrostatic potential half 
of the potential at the center? 

a. R b. R!2 c. RI3 d. 2 R 

46. Four identical charges are placed at the points (1,0, 0 )* 
(0* 1,0)* (-1 * 0, 0) and (0* -1 * 0). Then* 

a. the potential at the origin is zero 
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b. the electric field at the origin is not zero 

c. the potential at all points on the 2 -axis, other than the 
origin, is zero 

d. the field at all points on the 2 -axis, other than the 
origin, acts along the 2 -axis 

47. When the separation between two charges is increased, 
the electric potential energy of the charges 

a. increases b. decreases 

c. remains the same d. may increase or 

decrease 

48. A positive charge is moved from a low potential point A 
to a high potential point £. Then, the electric potential 
energy of the system 

a. increases b. decreases ■ 

c. will remain the same d. nothing definite can 

be predicted 

49. If a charge is moved against the coulomb force of an elec¬ 
tric field, then 

a. positive work is done by the electric field 

b. energy is used from some outside source which does 
positive work 

c. the strength of the field is decreased 

d. the energy of the system is decreased 

50. Mark the correct statement 

a. An electron and a proton when released at rest in a 
uniform electric field experience the same force and 
the same acceleration. 

b. Two equipotential surfaces may intersect* 

c. A solid conducting sphere holds more charge than a 
hollow conducting sphere of the same radius. 

d. No work is done in taking a positive charge from one 
point to another inside a negatively charged metallic 
sphere. 

51. Two point charges Q and — QI4 placed along Jt-axis are 
separated by a distance r . Take —QIA as origin and it is 
placed right of Q . Then, potential is zero 

a. at x — rl3 only 

b. at x - —rIS only 

c. both at x ~ rI3 arid at x = — r/5 

d. there exist two points on the axis where electric field 
is zero 

52. The electric potential decreases uniformly from 120 V to 
80 V as one moves on the X-axis froih x = -1 cm to a- = 
+1 cm. The electric field at the origin 

a. must be equal to 20 Vcm -J 

b. must be equal to 20 Vm -1 

c. may be greater than 20 Vcm -1 

d. may be less than 20 Vcm -1 

53. Fig. 3.81 shows eight point charges arranged at the cor¬ 
ners of a cube with sides of length d . The values of the 
charges are +<7 and -q> as shown. This is a model of one 
cell of a cubic ionic crystal* In sodium chloride (NaCl), 
for instance, the positive ions are Na+ and the negative 
ions are Cl - . Calculate the potential energy U of this ar¬ 
rangement. (Take as zero the potential energy of the eight 
charges when they are infinitely far apart.) 



54. 


a. 


3 q 2 


b. - 


nsod 

M 2 


c. 


d. 


71 £q d 

q 2 

12 7t £(^d 
-<? 2 


(-* 

0 " 7! + ST!) 

( 1_ ^ + i 7 f) 


3n/3 


12 7t £(^d 

A small sphere with mass L2 g hangs b^ a thread be¬ 
tween two parallel vertical plates 5*00 cm apart. The plates 
are insulating and have uniform surface char^ densities 
-t -a and —cr. The charge on the sphere is q = 9 x 10 " 6 C. 


What potential difference between the plates will cause 
the thread to assume an angle of 37° with the vertical as 
shown in Fig. 3.82. 

a. 30 V b. 12 V c. 50 V d. 25 V 



Fig. 3.82 


55. A particle of mass m carrying charge V is projected with 
velocity V from point *P' towards an infinite line of 
charge from a distance V. Its speed reduces to zero mo¬ 
mentarily at point Q which is at a distance all from the 
line of charge. If another particle with mass m and charge 
l —q' is projected with the same velocity V from P to¬ 
wards the line of charge, what will be its speed at Q1 

/- /- y v 

a. V2u b. V3v c. —= d. — 

56. Charge Q is given a displacement r = al + bj in an elec- 

trie field E = E\i + E 2 j . The work done is 

a. Q ( E]a + £ 2 &) 

b. Q y/CEjC r ) 2 + (EM 

c. Q( £, +E 2 )Vg 2 + ft 2 

d. Q JiE* + El) 1 -Jo 1 + b 2 

57. There are two thin wire rings, each of radius R , whose 
axes coincide. The charges on the rings are q and —q t 
Evaluate the potential difference between the centers of 
the rings separated by a distance a. 

— r 1 1 1 

a ‘ [r + JWTa*\ 
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b. S- 

ri 1 1 

l 

2ne 0 

[R VR 2 + a 2 J 

c . -±- 

' 1 1 

2tC£o 

R *jR 2 +a 2 J 

d . 

1 1 

7t£o L 

R *jR 2 + a 2 J 


58. Let Vb be the potential at the origin in an electric field 

A A 

E = E x i + E y j. The potential at the point (x> y) is 

a. Vo — xE x — yE y 

b. Vo + xE x + yE y 

c. xE x + yEy - Vo 

d. (A 2 + y 2 )^E] + E* - Vo 

59. A point charge q is placed inside a conducting spherical 
shell of inner radius 2 R and outer radius 3 R at a distance 
of R from the center of the shell. Find the electric potential 
at the center of the shell. 

1 q u 1 4 q 


a. 


4 ttsq 2 R 
l 5q_ 

4jt£q 6/? 


b. 


d. 


47T£o 3/? 

1 2 q 

4tt£o 3 R 


60. An electric field is expressed as E = 2i + 3 j. Find the 
potential difference (V A — Vb) between two points A and 
B whose position vectors are given by r& — i + 2 j and 
rfi =21 + j + 3£. 

a. -1 V b. 1 V c. 2 V d. 3 V 


61. The potential function of an electrostatic field is given by 
V = 2jc 2 Determine the electric field strength at the point 
(2 m, 0, 3 m). 

a. E = 4i (NC _l ) b. E = -4? (NC" 1 ) 

c. E = 8 ? (NC' 1 ) d. E = - 81 (NC -1 ) 

62. Electric field represented by equipotential surface as 
shown in Fig. 3.83 is 


y(cm) 



a. £ = 200a+V3y)NC-‘ 

b. E = 100(i+ ^/)NC-' 

c. E = 100 (-r +V3y)NC-' 

d. E = 200 (-? + V3})NC-‘ 

63. Fig. 3.84 shows equipotential surfaces concentric at 0> 
the magnitude of electric field at a distance r measured 
from O is 

a. “(Vm _l ) b. ~(Vm _l ) 

r l 1 r z 

2 16 

c. —(Vm 2 ) d. —(Vm 2 ) 

r L r L 



64. A conducting sphere A of radius a , with charge Q , is 
placed concentrically inside a conducting shell B of radius 
b. B is earthed. C is the common center of A and B. Study 
the following statements. 



Fig. 3.85 

i. The potential at a distance r from C, where a < r < b, 

. 1 Q 

1 S 4tt £ 0 r 

ii. The potential difference between A and B is 



iii. The potential at a distance r from C, where a < r < b. 



Which of the following statements are correct? 

a. Only (i) and (ii) b. Only (ii) and (iii) 

c. Only (i) and (iii) d. All 


65. An electron having charge e and mass m stalls from lower 
plate of two metallic plates separated by a distance d . If 
potential difference between the plates is V, the time taken 
by the electron to reach the upper plate is given by 


2 md 2 
~eV~ 


“■/ 
jmd 2 
C * V 277 


b. 


d. 


md 2 

~7V 

2md 2 

eV 


v 

Fig. 3.86 


66 . There is an infinite straight chain of alternating charges 
q and —q> The distance between the two neighboring 
charges is equal to a. Find the interaction energy of any 
charge with all the other charges. 

2q 2 2q 2 log t 2 

a.- b. - 

4nsoa 4 tzb^q 
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2q 2 log, 2 

c.-— d. None of these 

47 T£$Q 

67. The electric field in a certain region is Aix 3 . Then, the 
potential at a point (x, y, z), assuming potential at infinity 
to be zero, is 

a. zero b. AI2x 2 

c. 3 A/x 4 d. Aix 2 

68 . Three identical metallic uncharged spheres A, B and C 
each of radius a , are kept at the comers of an equilateral tri¬ 
angle of side d(d >> a) as shown in Fig. 3.87. The fourth 
sphere (of radius a\ which has a charge q t touches A and 
is then removed to a position far away. B is earthed and 
then the earth connection is removed. C is then earthed. 
The charge on C is 




69. A soiid conducting sphere of radius 10 cm is enclosed by 
a thin metallic shell of radius 20 cm. A charge q = 20 pC 
is given to the inner sphere. Find the heat generated in the 
process when the inner sphere is connected to the shell by 
a conducting wire. 

a. 12 J b. 9J 

c. 24 J d. zero 


70. If V and u are-electric potential and energy density, re¬ 
spectively, at a distance r from a positive point change, 
then which of the following graph is correct. 




Fig. 3.88 


71. Find the potential V of an electrostatic field E — a(yi 
+ *;)» where a is a constant, 
a. oxy + C b. -oxy + C 


72. We have three identical metallic spheres A t B> and C t A 
is given a charge Q and B and C are uncharged. The fol¬ 
lowing processes of touching of two spheres is carried out 
in succession. Each process is carried out with sufficient 
time: 


i. A and B ii, B and C 

iii. C and A iv. A and B v. B and C 

The final charges on the spheres are 



5 Q 

11(2 

b..“* 

11(2 

5(2 

32 

' 16 

' 32 

32 

■ 32 

’ 16 


5(2 

5 Q 

d. X 

H Q 

11(2 

8 ’ 

16 * 

16 

16 ’ 

32 ’ 

32 


73. The potential field depends on x- and y-coordinates as 
V —x 1 - y 1 . Corresponding electric field lines in x-y 
plane are as . 


y y 


A 

y 

k 

i 

X 

w 

X, 

-a 

r 

. X 

X 

J 

)i 

V 

L 

/V 

V 

A 

‘ 5 

0 

*\S 

y/ 


Fig. 3.89 

74. A solid conducting sphere having a charge Q is sur¬ 
rounded by an uncharged concentric conducting hollow 
spherical shell. The potential difference between the sur¬ 
face of the solid sphere and that of the outer surface of 
the hollow shell is V. If the shell is now given a charge of 
-3 Q t the new potential difference between the same two 
surfaces is (IIT-JEE, 1989) 

a. V b. 2V c. 4V (L -2V 


Multiple Correct 
Answers Type 


Solutions on page 3.43 


1 . T\vo infinite, parallel, non-conducting sheets carry equal 
positive charge density a. One is placed in the y-z plane 
and the other at distance x — a. Thke potential V = 0 at 
x= 0. Then: 

a. For 0 < x < a, potential V x =0 

a 

b. For x > a % potential V x = —(x — a) 

£o 

a 

c. For x > a, potential V x — - (x - a) 

£o 

a 

d. Forx < 0, potential = — x 

2. A negative charge is moved by an external agent in the 
direction of electric field. Then: 


©— * 

-► 


c. oxy . 


b. -oxy + C 
d. -oxy 


Fig. 3.90 
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a. potential energy of the charge increases 

b. potential energy ,of the charge decreases 

c. positive work is done by the electric field 

d. negative work is done by the electric field 

3. If a charged conductor is enclosed by a hollow charged 
conducting shell (assumed concentric and spherical in 
shape), and they are connected by a conducting wire, then 
which of the following statement(s) would be correct? 

a. Potential difference between two conductors be¬ 
comes zero. 

b. If charge on inner conductor is q and on outer con¬ 
ductor is 2 q, then finally charge on outer conductor 
will be 3 q. 

c. The charge on the inner conductor is totally trans¬ 
ferred to the outer conductor 

d. If charge on the inner conductor is q and charge on the 
outer conductor is zero, then finally charge on each 
conductor will be qf2. 

4. For the situation shown in Fig. 3.91, mark out the correct 
statement(s). 


Hollow neutral conductor 


<?•- 
H 

Fig. 3.91 

q 

a. Potential of the conductor is- 

4 7ts 0 (d + R ) 

b. Potential of the conductor is ^ ^ f 

l 4 JT S|)u 

c. Potential of Jhe conductor cannot be determined as 
nature of distribution of induced charges is not known 

d. Potential at point B due to induced charges is 

4neo(d + R)d 

5. A spherical shell is uniformly charged by a charge q. A 
point charge q$ is place at its center. The expansion of the 
shell is taking place from R j to R 2 ( R 2 > R\)- For this - 
situation, mark out the correct statement(s). 

a. If an external force is acting, then work done by the 
external agent is negative, 

b. If no external force is acting, then energy would be 
released in this expansion. 

c. If no external force is acting, then energy would be 
dissipated in this process. 



[1 - -11 
L*i *iJ 


d. The work of electric _forces in- this process is 
q(qo + q/2) ’ 

47TCo 

6 . A conductor A is given a charge of amount +Q and then 
placed inside a deep metal can B t without touching it. 
Then 4 

a. The potential of A does.not change whjn it is placed 
inside B 

b. If B is earthed, +Q amount of charge flows from it 
into the earth 

c. If B is earthed, the potential of A is reduced 



d. Either (b) or (c) are true, or both are true only if the 
outer surface of B is connected to the earth and not 
its inner surface 


Assertion-Reasoning 

Type 


Solutions on page 3,43 


In the. following questions, each question contains Statement I 
(Assertion) and Statement II (Reason). Each question has four 
choices (a), (b), (c) and (d) out of which ONLY ONE is correct. 


a. Statement I is True, Statement II is True; Statement 
II is a correct explanation for Statement I. 

b. Statement I is True, Statement II is True; Statement 
II is NOT a correct explanation for Statement 1. 

■ c. Statement I is True, Statement II is False, 
d. Statement I is False, Statement II is TVue, 

1. Statement I: Positivechaigealways moves from 2 higher 
potential point to a lower potential point if left free in 
electric held. 

Statement II: Electric potential is a vector quantity. 

2. Statement I: The surface of a conductor is an equipoten- 
tial surface. 

Statement II: Conductors allow the free flow of charge 
within themselves. 

3. Statement I: Conductors having equal positive charge 
and volume must also have same potential. 

Statement II: Potential depends only on the charge and 
volume and shape of conductor. 

4. Statement I: No work is done in taking, a small positive 
charge from one point to other inside a positively charged 
metallic Sphere while outside the sphere work is done in 

* taking the charge towards the sphere. Neglect induction 
due to small charge. 

Statement II: Inside the sphere electric potential is same 
at each point, but outside it is different for different points. 

5. Statement I: Electric potential of earth is taken to be zero 
as a reference. 

Statement II: The electric field produced by earth in sur¬ 
rounding space is zero. 


Comprehension 

Type 


Solutions on page 3.44 


For Problems 1-2 

A single positive point charge q is located at point P as the 
potential is Vo (with V 0 = 0 at infinity) (see Fig. 3.93). 


1 . 


A second charge qt - -vq is placed equidistant from P. 
The potential at P is now , 


a. 4 Vo 


c. s/l V'o d. Y 


b. 2 Vo 
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*p 


• /> 

© 


© 

© 


Fig. 3.93 


2. Instead of positive charge, a negative charge q l — -q is 
located. The potential at P is now 

8.21/0 b. 72 V 0 c. y d. 0 


For Problems 3-4 

Two point charges are located on the *-axi$, q x — -e at x — 0 
and = +e at x = a. 

3. Find the work that must be done by an external force to 
bring a third point charge^ = +e from infinity to x = 2 a\ 


a. 


47TSQCI 
-e 2 


b. 


d. 


8 jT£ 0 <Z 


insoci 4neoa 

4. Find the total potential energy of the system of three 
charges. 


a. 


4nsoa 

J 


b. 


c. 


— 

&n£aa 


8 tT £qG 


d. 


—e 

47TS0Q 


For Problems 5-6 

A small metal sphere, carrying a net charge of q\ = —2 pC, is 
held in a stationary position by insulating supports. A second 
small metal cohere, with a net charge of qi — -8 pC and mass 
1.50 g, is projected toward q ). When the two spheres are 0.800 
m apart, q 2 is moving toward q\ with speed 20 ms -1 as shown 
in Fig. 3.94. Assume that the two spheres can be treated as point 
charges. You can ignore the force of gravity. 



5. What is the speed of qi when the spheres are 0.400 m 
apart? 

a. 2^10 ms -1 b. 2^6 ms" 1 

c. 4^/fOms" 1 d. 4\Z6ms -1 

6. How dose does q% get to q\l 

a. 0.20 m b. 0.30 m 

c. 0.10 m d. 0.15 m 


For Problems 7-9 

Two point charges = +2.40 nC and qi = —6.50 nC are 0.100 
m apart. Point A is midway between them; point B is 0.080 m 
from q\ and 0.060 m from qi as shown in Fig. 3.95. Take the 
electric potential to be zero at infinity. Find 


B 



7. the potential at point A 


a. -738 V 

b. -323 V 

c. -705 V 

d. -120 V 

8. the potential at point B 


a. -738 V 

b. -323 V 

c. -705 V 

d. -120 V 


9. The work done by the electric field on a charge of 
2.50 nC that travels from point B to point A. 
a- —8.25 x 10" B J b. 8.25 x JO" 8 J 

c. 1.25 x 10 s J d. -1.25 x 10“ 8 J 


For Problems 10-13 

Four charges +q , —q and —q are placed, respectively, at the 
comers A, B> C and D of a square of side a t arranged in the 
given order. E and F are the midpoints of sides BC and CD , 
respectively. O is the center of square. 

10. The electric field at O is 


a. 


c. 


\/ 2 jt SqCI 7 

\fi>q 


b. 

d. 


n soa £ 

11. The electric potential at O is 
Vlq 


a. 


c. 


n £qC2 

4 

n £$a 


12. The work done in carrying a charge e from O to 
V2 q e 


7T 

7T BqO 


~r ^ 

LVs 


13. The work done in carrying a charge e from O to 
\/2 q e 


71 SqO 


-JZtt e Q a 2 
\/2q 

it St>a 2 


V3 q 

7T Sod 


zero 


e from O to E is 

qe 

7t s$a 


zero 


e from O to F is 

qe 


n eoa 

Lvs J 


C. 

7T£ 0 a 1^/5 J 


b. 


d. zero 


For Problems 14-15 

Two fixed point charges, each having charge Q , are separated 
by a distance 21. Another point charge —q having the mass tn is 
projected with a velocity uo from a point midway between the 
two charges along the perpendicular bisector of the line joining 
the two charges. 







































Electric Potential 3*29 


14. The electric field at a point situated on perpendicular bi¬ 
sector of the line joining the two charges at a distance x 
From the mid-point of the line joining the two charges. 

1 Qx L 1 Qx 


a. 


c. 


4tt£o (x 2 +/ 2 ) 3/2 
1 Qx 


b. 


2tzeo (x 2 + i 2 )^ 
2^2 Qx 


2-J2jte 0 (x 2 + 1 2 ) 3 ' 2 ne 0 (x 2 +1 2 ) 3 ' 2 

IS. Find the distance travelled by the charge — q before it 
reverses its direction (neglect other interactions). 


a. / 


b. / 


c. / 


d. I 


(- 


IQ 


\qQ + neolmv 2 J 
( <iQ 


V -. 


-H/ 2 


\qQ + 7tsolmv 2 J 


V+i 


-H/2 


qQ 


(^<2 - Jreo Imv 2 ) 

( _ qQ 

Ue- 


V- 


TTSolmv 2 


+1 


1/2 


1/2 


For Problems 16-17 

A charge Q is distributed over two concentric hollow spheres of 
radii r and R(R > r) such that then surface densities are equal. 
16. The charge on smaller and bigger shells are 
Qr 2 J QR 2 


a. 


r 2 + R 2 and r 2 + R 2 ’ 


respectively 


c- Q 1 


d. 


QR 


! Qr‘ 


b. Q ^1 + and Q ^1 + , respectively 

R 2 ' 


and 


r‘ + R 2 ’ 


r 2 + R 2 r 2 
17. The potential at the common center is 

V2 Q(R+r) . 1 


/ fl 2 \ . , 

[ l — — 1, respectively 

respectively 


a. 


c. 


7t€o (R 2 + r 2 ) 

1 Q (fl + r) 

47T£o (# 2 + r 2 ) 


b. 


d. 


_ Q{R + r) 

2ne o (* 2 + r 2 ) 

J_ 6(^-0 

(* 2 + r 2 ) 


For Problems 18-20 

Suppose that the electric potential varies along the x-axis as 
shown in the graph of Fig. 3.96. Of the intervals shown (ignore 
the behaviour at the endpoints of the intervals) 

18. The intervals in which the magnitude of electric field lq 
x-direction is maximum are 

a. — 4 < x < -2 and 3 < x < 5 

b. — 6 < x < —A and 2 < x < 3 

c. —2 < x < 3 and 5 < x < 7 

d. — 6 < x < -4 and 5 < x <7 

19. The intervals in which the magnitude of electric field in 
x-direction is minimum are 

a. -4 < x < -2 and 3 < x < 5 

b. — 6 < x < — 4 and 2 < x < 3 

c. —2 < x < 3 and 5 < x < 1 

d. — 6 < x < —4 and 5 < x < 7 



Fig. 3.96 



Fig. 3.97 

For Problems 21-23 

In moving from A to B along an electric field line, the electric 
field does 4.8 x 1 O'" 19 J of work on an electron in the field il¬ 
lustrated in Fig. 3.98. What are the differences in the electric 
potential? 

. 21. The potential difference V B - V A is 
a. 3.0 V b. -3.0 V c. 2 V 


d. zero 
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22. The potential difference V c - V A is 

a. 3.0 V b. -3.0 V 

c. 2 V d. zero 

23. The potential difference Vc — Vb is 

a. 3.0 V b. -3.0 V 

c. 2 V d. zero 

For Problems 24-25 


Refer the uniform electric field shown in Fig. 3.99. 

—-—► 

B 

- [ -^E = 20V/m 

D 

-► 

Fig. 3.99 

24. The potential difference V A - V c is 

a. zero b. 20 V c. -20 V d. 20^2 V 

25. The potential difference V A — V D is 

a. zero ' b. 20 V c. -20 V d. 20V2V 

For Problems 26-28 

The electrical potential function for an electrical field directed 
parallel to the x-axis is shown in the given graph in Fig. 3.100. 



Fig. 3.100 


26. The intervals in which the magnitude of electric field in 
x -direction is maximum are 

a. — 2 < x < 0, 4 < x < 8 and 0 < x < 2 

b. -2 < jc. < 0 and 0 < x < 2 

c. — 2 < x < 0, 2 < x < 4 and 4 < jc < 8 

d. 0<;t <2 and 4 < x < 8 

27. The magnitude of electric field in x-direction in the inter- 
val4 < * < 8 is 

a. 2.5 NC" 1 b. 5 NC _I 

c. -2.5 NC" 1 d.-SNC"* 1 
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Fig. 3.101 

For Problems 29-30 

A uniform electric field of 100 Vm“ l is directed at 30° with the 
positivex-axis as shown in Fig. 3J02. OA = 2m and OB = 4 m. 



29. The potential difference V 0 — V A is 

a. 10075 V , b. 20075 V 

c. -10073 V d. -20073 V 

30. The potential difference V B — V A is 

a. -100 [2 + 75 ] V b. 100 [2 + 75 ] V 

c. 100 [2 - 75 ] V d. -100 [ 2 - 75 ] V 
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For Problems 31-34 

The electric potential varies in space according to the relation 
V = 3x + 4y. A particle of mass 0.1 kg starts from rest from 
point (2, 3.2) under the influence of this field. The charge on the 
particle is +1 pC. Assume V and ( x , y) are in S.I. units. 

31. The component of electric field in ^-direction (E x ) is 

a. 3 Vm -1 b. 4 Vm" 1 

c. 5 Vm" 1 d. 8 Vm" 1 

32. The component of electric field in y-direction ( E y ) is 

a. 3 Vm -1 b. —4Vm -1 

c. 5 Vm" 1 d. SYm- 1 

- 33. The time taken to cross x-axis is 

a. 20 s b. 40 s 

c. 200 s d. 400 s 

34. The velocity of the particle when it cross the *-axis is 
a. 20 x 10 -3 ms -1 b. 40 x 1CT 3 ms -1 

c. 30 x 10 -3 ms -1 d. 50 x 1CT 3 ms -1 


For Problems 35-36 

Three concentric spherical metallic shells A, B and C of radii 
a, b and c (a < b < c) have surface charge densities cr, —a and 
cr, respectively. 

35. If V A , V B and V c are potential of shells A, B and C, 
respectively, match the columns 


36. 


Column A 
a. V/ 


b. V B 

c. V c 


Column B 

,2_*2 +c 2n 


£0 


r a 2 


cr 

ll. — 

So 

a 

iii. — [a — b + c] 


- - b + c 

b 


If the shells A and C are at the same potential, the relation 
between the radii a , b and c is 
a. a — b + c b. c — a + b 


c. b — a + c 


d. 2a = b-c 


VHT-JEE, 1990) 


For Problems 37-40 

We have an isolated conducting spherical shell of radius 10 cm. 
Some positive charge is given to it so that resulting electric field 
has a maximum intensity of 1.8 x 10 6 NC -1 . The same amount of 
negative charge is given to another isolated conducting spherical 
shell of radius 20 cm. Now, first shell is placed inside the second 
so that both are concentric as shown in Fig. 3.103. Now, answer 
the following questions. 

37. What is electric potential at any point inside the first shell? 

a. 18xl0 4 V b. 9xl0 4 V 

c. 4.5x 10 4 V d. 1.8xl0 4 V 

38. What is electric field intensity just inside the outer sphere? 

a. 4.5x 10 5 N/C b. 9xl0 5 N/C 

c. 4.5 x 10 4 N/C d. 5x 10 4 N/C 



39. What is the electrostatic energy stored in the system? 

a. 1.0 J b. 0.045 J 

c. 0.09 J d. 1.8 J 

40. What will happen if both the spheres are connected by a 
conducting wire? 

a. Nothing will happen „ 

b. Some part of the energy stored in the system will 
convert into heat 

c. Charge on both spheres will be positive 

d. Entire amount of the energy stored in the system will 
convert into heat 


Matching 
Column Type 


Solutions on page 3.46 


1. Match the entries of Column I with entries of Columrfll. 


Column I ' 

Column H - 

■■ f % Hollow 

— 0 p?“ * j neutnif 
con ^ uctor 

a. £ inside the conductor 
is zero. 

u ' n ^ Hollow 

( neutral 

'Ifef & 'Wj con ^ uctor 

—> j , 

b. | E | inside the conduc¬ 
tor is constant but not 

zero. 

i 

iik / Hollow 

- W~~q ') neulral 

” 1 COn( luclor 

—V 

c. | E | inside the conduc¬ 
tor is varying. 

J ivi ’"Im Hollow 

•r - 4—J neutral 

COndUCt ° r 

e. Potential inside the 
conductor is same as 
that of conductor. 

I 

d. Potential inside the 
conductor is varying. 
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/ 

2. Column I shows four hollow metal spheres each with in¬ 
ternal radius a and external radius b. You have to match 
these charge distributions with its corresponding £-graph 
and V -graph in Column TL A point charge of +Q or — Q 
is present at the center of the spheres (in figure (iii), there 
is no charge at the center of sphere). The charge indicated 
on the spherical shell itself is the net charge on the shelf 
that is, any induced charge distribution is not shown. Also, 
the label for the net charge on a conducting sphere does 
not necessarily indicate the actual position of the charge 
on or within the conductor. 


Column I 

Column II 

E^V _ 

l 

a. 

l 

, i 

——r -—-r 

a b \ 

, . 1 1 

E _ V _ 

j 

b. 

E 

\ . 



rib- - 

E — V _ 

f 

t 

c. 

'C. 

a b 

•E _ V _ Q 

d. 

E 

-a b . 

/’- 


‘ J 

c. 

: kQ 
b 

7 

f 

/IT: ' 


. f. 

kQ 

b 

V 

■ — r 

a b 


Column I 

Column II 

■ 

g ‘ kQ 

■' T 

1 *. 

.-o 

^_1_ 

1 1 

h. 

kQ 

T 

v * 

1 r 

a b 


3. Fig. 3.104 shows three concentric thin spherical shells A, 
B and C of radii R , 2 R and 3 R. The shell B is earthed and 
A and C are given charges q and 2 q } respectively. If the 
charge appearing on surfaces 1, 2, 3 and 4 are qu qi> q$> 
and q 4 > respectivey, then match the following columns: 



Column I 

Column U 

. .. , 

v 2 - " 


a -,3? .. 


' '\ 4 

ii. <?2 

b. — a 

3 q 


4 


C ‘ ~ 3 

iv. q 4 

d.-q 


/ 
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Subjective Type 


dV 4-2 
1. E x = —— -- 


ANSWERS AND SOLUTIONS 

-v 


dx (6 - 4) 10 - 2 


= -100 Vm 






2-4 


dy (2 - 1) 10- 


- 20C Vm 


-i 


2 . 



3. Length of cube diagonal = b 

Distance of center of cube from each comer, 

A 

r = T> 


Total P.E. of charge q at the center 
84 (-q) -8 q 1 


-4 q~ 


4 ns 0 r 47Tf 0 v / 3(fc/2) neoV^b 

4. If r is the distance of the charge 2 from the point of obser¬ 
vation, then 


and 


V = —— — = 16 
4tt£o r 


(0 

00 


Dividing equation (ii) by equation (i): r = 0.5 m 
Putting value of r in equation (ii), we get 


Q = 16 x 0.5(9 x 10 9 ) = (8/9) x 10“ y C 

5. Let U\ be the potential energy of system I and U n be the 
potential energy of system II. 

Work done = Change in P.E. = Un — Uj. 


-0 




q ~ c i 



4 q 2 

Ui = + 


System I " System II 

Fig. 3.106 

2<? 2 


4?T 47T£Qy/2a 


Uu = 


4jrEos/2a 


w = ^^ + 4 « 




4n£Q*j2a 4ns^a 4 neo^a 
„2 


W = 

W = 


4n£oa 


47T£oa 

6 . Potential of a drop, V = 


GH‘ 

(4 - 272) 


1 


4 7t£ 0 £r r 

q = 4n£^£ r r V 

Total charge Q - nq = 4^£o£/ r Vw 

(n = total no. of drops) . 

4 4 R 3 

Also, -nR* = n x -jrr 3 => n = — 

3 3 

Hence, potential of hollow conductor, 


V' = 


l 


1 


4lTEb£ r R 4K£o€ r 

r 

= — X U X — 

R \r*J 

-(?P 


47T£Q£ r rVn 


=> V 


7. As potential energy of two point charges separated by a dis¬ 
tance t is given by U - (q\qil47iE$r) y the initial and final 
potential energies of the system will be 

(U s )i - 3 x —5— q — = 3 x 9 x 10 9 x ^12! = 2.7 x 10 8 J 
47T£ 0 r 1 


{U s )f = 2 x 


1 


1 


4jtc 0 (r/2) 47rso r 


— = 5 X 


4;rso r 


= 4.5 x 10* L 



tem 


So, work done in changing the configuration of the sys- 
W = (U s )f - (C/ 5 )/ ' . 


i.e., W = (4.5 - 2.7) x 10 8 J. 
i.e., W = 1.8 x 10 8 J 

Now, as energy is supplied at the rate of 1 kW, i.e., 10 3 Js -1 , 
time required to do work W is given by 
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W 1.8 x 10 8 , 

, = 7 = — io^ = L8xl0s = 50h 


V' = 


4jT£o 


'02 Q I 1 
. R V2Rj 


8 . u = 

9. 


' 2/0770 


m£ 0 

yP = Phig. in “l" 2 V^ mn || oul — 


G>2 


Vs = 


I Qb 


-2H) 


(-S') 


4^£q r' ■ 


4jt£q R 47T£q 


R 


P&_ 

3 £ 0 



r 

i r M-' 

(5 x ICT 2 ) 2 


3e 0 L 

f? 2 J “ 77 

3eo 

\5 / 


* 13 

H„g,in =- X 10- 10 V 

77 £ 0 


^small. oul — 2 , 


i 


47ie$ r* 

■. 2 pr 2 _ ^ 2.1(1 x lO” 2 )* 

3£o/' y 
2 


x 5 x 10 -2 


x 10 


-6 


15jT£o 


x 10 


-10 


Hence, Vp — 


1 

7T£$ I5^£oJ 


X 10^ 



Fig. 3.108 

Electric field at P = E P = £ hjg , in + 2£ sma]]t ou[ 

^ J (2big ^ 1 Gsinnll ^ 

E P = ---^-r, ^ 2---r—COS^ 

47T&U R1 47T£ 0 / 2 

4 X 10" 8 4 x 10" 8 


\Ep\ = 


3tt£:o 215nE$ 
272 x 4 x 10“ K 


Vm 


-] 


275 x 3^eo 

0. Work done = charge x difference in potential 

Let the particle moves from 0 to O f (Fig. 3.109) 
Potential at point O is 


V = 


1 


4tt £ 0 

.and potential at point O' is 


Q i 62 1 

, * JlR J 


x 10 


-6 


Fig. 3.109 

Difference in potential 
AV = V ~ V' 


= _L \Qi + _ _L \9i + Q» 1 

4tt£ 0 L R V2/?J 4^^ 0 L r ^2r\ 

[j 


477 £n 


:(Qi -<2 2 ) + 


■J2R 

= j_re L1 e 2 a__l)1 

4tt£o L /? _ V 727. 


72 R. 

r go] 


W.d. =<?AV = q- 


\Q\-Qi) 


(V2- 1) 


4t7 £ 0 L 72 R 
— <j(Q\ — <2z)( 72 - l)/72/? X 477e 0 
11. The potential of B should be zero (Fig. 3.110). 



„ i ■ r 9 ? 7 7 

4j7£ 0 [2R 2R 2 R 3 R 


2<?+7 

3 R 


= 0 


12. a. Potential of shell A , 

7l = Kluc to charge on A “h Pdue Ic charge on B "h Kjue to charge on C 

=o + -« _ 2 _ 

4n£ 0 b 4 tt£oc 

Potential of shell B , 

^B Kiue lo charge on A “P Pd uc to charge on B H~ ^duo lo charge on C 

=o + T e_e_ 

4x8$ b 4ne$c 

Potential of shell C, 

^C l^cluc to charge on A “F Fjuc to charge on B “F ^tJuc lo charge on C 


= 0 + 


47T£oC 4tt£oc 


= 0 
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b. Let the charge on inner shell be q\ after inner and outer 
shells are connected by a conducting wire. The final charge 
distribution is shown in Fig, 3.111. The wire connection 
equalises the potential of the two shells. 





VA — Kiuc lo charge on A “f" Kjijc to charge on B " 1 “ Kiuc lo charge on C 


Aneoa Aneob Aneoc 
Similarly, Vc — V'iiuc to charge £>r A "t" Kluc (0 charge on B 
+ V„ ue lo charge on C 


(i) 


Q 




4nso a An Bob Afte 0 c Attbqc 

, Qci [c-b~\ 

or<? = -~r — 

b \_c-a_ 


(ii) 


Charge on B, Q b = Q - q' + q' = Q [shell D is iso¬ 
lated and sum of induced charges is zeroj 
Charge on C, 

~ ^ / ,, Qa [ c - bl Qc\c~b~\ 

Q< = -Q + q J = T [—J 


If charge q f appears on the inner shell, an equal magni¬ 
tude, opposite sign charge must appear on the outer shell in 
accordance with the law of conservation of charge. 

13. a. Let the charges on A and C btq\ and 42 , respectively (Fig. 
3J 12), From conservation of charge, we have 

q\ + <72 = 0 



Hence q\ = - q 2 

Since A and C are connected by a conducting wire, so 
they have same potential, 

V A = potential of A 

= _Lii + _J_ Q_ + 1 si 

Ait £0 R 4 jt£o 2 R Attes AR 


Vc = potential of C 
1 q\ l 


+ 


+ 


<7* 


Aneo AR Attbq AR Ajtsq AR 

Equalizing the potentials of A and C, i.e., V\ = Vc, we 


get 


^L + Q_ + 3l^^L + Q_ + Sl_ 
' “ + AR 


R 2R AR AR AR 
or Aq\ + 2Q = q^ + Q 

q\=~ Q /3 

Hence, <72 = Ql 3. 

l_r_e 

I 3 


b. V A = 


rzfl + £ + fii = 

3 212J 


Q 


V n = 


) Q\ 
Aires 2/? 
1 


4;t£o 2K 


-Q Q 

+ q + 

87 tso^ L 3 6 


\6neoR 

Ane^ 4/? 
SQ 


AftneoR 


14. When K\ is closed first time, outer sphere is earthed and the 
potential on it becomes zero. Let the charge on it be q \. 

V,' = Potential due to charge on inner sphere and that 
due to charge on outer sphere 

v ' ,= 4 ^[« + l»]” 0or «! = -« . 

When K'i is closed first time, the potential on inner 
sphere becomes zero as it is earthed. Let the new charge on 
inner sphere he q^. 


0 = 


1 


?2 


■F 


1 i-q) 


$2- n 


Aneo R Aneo ( 2 R) 

Now, when K\ will be closed second time, charge on 
outer sphere will be —q* v i.e., —qf 2. 

After one event involving closure and opening of K\ and 
K^ t charge is reduced to half its initial value. 

Similarly, when K\ will be closed n ih time, charge on 
outer sphere will he — - as each time charge will be re¬ 

duced to half the previous value. 

After closing n lh time, charge on inner shell will be 
negative of half the charge on outer shell, i.e., (+q/2 n ) and 
potential on it will be zero. 

For potential of outer shell, 

I (+q/ 2") , I (-g/2'-') 


V B = 


Aneo 2 R 
-gM +2] = 
4neo2"+ ] R 
Potential difference = V 0 — V, = 


Vn — 


Ane Q 

-q 

4tt£o2 / ' +i R 

-q 

4;r£o2' >+] R 


2 R 


- 0 = 


-q 


4n£ Q 2 n + ] R 


15. a. Consider the situation Q is a positive charge. The resultant 
force on q at A will be 

Fr = F\ + F 2 + F$ 

l q l 

Here, F i = F 2 = -- \ 

4ne 0 a 


Here, F\ — Fi — 
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So* (F\ + F 2 ) — 2 x 
1 

While Fy = 


l 


4ttso ci 2 

qQ 


cos 30° — 


_^ 3qQ 

4ns 0 {a/^J 3) 2 4ns§a l 


sf3q 2 


along OA 


along 0 A 


F 2 Fr F\ 



17. a. Let P be a point in the XY plane with coordinates ( x , y) 
at which the potential due to charges —2Q and + 2 placed 
at A and £, respectively, be zero (Figure 3.114). 

Y 



Fig. 3.114 


Fig. 3.113 


SO, Fr = 


^s/3q + 32j along ~0% 


K{-2 Q) 


*(+ 2 ) 


Arcs^a 1 
b. For Q — —q, 

Fr = y—^—- ^/3q 3#J along ~0% 


( 1 ) 


Fr = 


Aneoa 2 

\f3q 


[75- lj along A?> 


Ansoct 2 

i.e., the charges q at corners A , B and C will move towards 
the center 0. 

c. Charge will remain stationary if Fr — 0, which in the light 
of equation (1) is possible only if 

[( v 5 )<, + 3 e ] = o , i .«..2 = -(7 

d. Potential energy of the system 


U = - x 

2 4-7T£i 


_ 4i e Jj _ 

0 nj 


4 71 e 0 


3 c m± + 


iq (-<7 / 75) 

(«/7 J 

And for finite charge distribution potential energy at in¬ 
finity is always zero. 

w = U F - V } = 0-0 = 0 

16. If the ball has to just complete the circle then the tension must 
vanish at the topmost point, i.e., A 
From Newton’s second law 
q 2 mv 2 

~ = T~ , 


= 0 


7(3 t ? + *) 2 + y 2 7 ( 3a - *) 2 + 7 
2 7(3 a - x ) 2 + y 2 = 7(3<? + *) 2 + 7 
=► 4 [(3 a - x ) 2 + y 2 ] = [(3 a + x ? + 7] 

4 [9a 2 + x 2 - 6ax + y 2 ] = [9a 2 + x 2 + 6ax + y 2 ] 

37 + 3y 2 - 30aA: + 27a 2 = 0 
x 2 + y 2 - Wax + 9a 2 = 0 
(x - 5a) 2 + (y - 0) 2 - (4a) 2 

This is the equation of a circle with center at (5a, 0) and 
radius Aa. Thus, c (5 a t 0) is the center of the circle; 
b. For a: > 3a: 

To find V(x) at any point on A>axis, let us consider a 

point (arbitrary) M at a distance x from the origin. 

The potential at M will be 

w/ x *(-2£) ( *(+2) u , 1 
V(x) — -—-1- --, where k = 


x A-3a (x — 3a) 

1 2 


V(x)=KQ 

_x — 3a x A-3a 
Similarly, for 0 < |a| < 3a, 

1 2 


Anso 
(For |jr| > 3a) 


T 2 -1- mg - 


An so ! 1 

At the topmost point, Ty = 0 

q 2 . 2 

mg 


mv 

~T 


Ansi 2 

From energy conservation 

Energy at lowest point = Energy at topmost point 

1 - l - 

-mu — -mu +;uj?2/ 

2 2 

v 2 = u 2 — Agl 

n 2 

From equation (ii), v 2 = gl 
From equation (iv) and (v), 


0) 

00 


V(x)= KQ 


3a — x 3a + x 
Since circle of zero potential cuts thejr-axis at (a,0) and 
(9a, 0), hence V(x) = 0 at x = a at a: —9a. 

From the above expressions 

V(x) oo at x —> 3a and V(x) —po at x —3a 

V(x) -> 0 as x dboo - 


1 




(iii) 

(iv) 

(v) 


V(x) varies as - In general. 
a; 

(c) Applying energy conservation, we get 
(K.E. + P.E.) ccnlcr — (K.E. + P .EOcif^umfcrcrLcc 


0 + * 


Qq 

la 


2Qq 

8a 


1 2 

= -mv -1- K 
2 


Q± 

6a 


2Qq 

12a 


« = J 5 g! ~ 


275 


1/2 


. . — I ~F~ I = 5 86 ms 1 

AnsomI \ 8 


1 2 KQq 

-mv = - 

2 4a 


v — 


KQq 

2ma 


An So 


(—) 

\2ma } 
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18. Potenlial at the center will be- f-I 

4tt£q \a b) 

Now, total work done in removing the entire charge from 
O to infinity' 



19. Let the particle be, at some instant, at a point P distant * from 
the origin* As shown in Fig. 3.116, there are two forces of 
repulsion acting due to two charges of H-8 mC. The net force 
is 2 F cos a towards right. 

Similarly, there are two forces of attraction due to two 
charges of — 1 pC. The net force due to these force is IF* cos 
towards left. 

The net force on charge 0.1 pC is zero when. 



2Fcosa = 2F / cos£ 
K x 8 x 10" 6 x 0.1 x JO’ 6 




K x 1 x 10’ 6 x 0*1 x 10’ 6 


/ 


*4 





H) 


2 27 
= * + T 


■ 

2 2 

This means that we need to move the charge from —a 


x = ±J - 


to yj -.Thereafter, the attractive forces will make (he charge 
move to origin. 

[5 

The electric potential of the charge at x = J - is 


V = 


2 x 9 x )0 9 x 8 x l(T 6 2 x 9 x 10 9 x 10 -6 


5 27 

2 + T 


/ 


5 3 
2 + 2 


= 2 x 9 x 10 9 x I0“ 6 - 


f 8 - 1 

1.4 2. 


= 2.7 x 10“ V 


Kinetic energy is required to overcome the force of repulsion 


from oc (o x — ^ 

The work done in this process is W = q (V), where 

V = p.d. between oo and x — 

K,E. = 0.1 x I0 -6 [2.7 x 10 4 -2.4 x 10] 

= 0.1 x 10^ 6 x 0.3 x 10 4 = 3 x 10“ 4 J 

i ~ r 3 3 i l 

20. W cxtcrnal = A PE = -- q - -- + ~= - -= x 4 

4jreo (I [ 1 V2 v3j 

1 ^ x 4 [3 ^_3V6-72] 


4jie 0 a V6 

?i r _ £L r _ 

■ ' “ 2s,v’ - 2b 0 


E — E\ 

Si 


P'2 — 


<*\ 


El 

<— 


<?\ — ^2 
2 fiy 

$ 2 , 

4 




a / 

A 45 * 

jr 

|2 


Cl 


Fig. 3.117 


W = E x — 

V2 

ii[ — 1, ni = v/2, / = 45°, r = ? 

22. a. Force exerted by upper charge on dipole: 

Ft = -2— (down) 

2 ttsq a s 















































3-38 Physics for IIT-JEE: Electricity and Magnetism 

Force exerted by left charge on dipole: 

_ 1 pq 

F 2 = - - ^ (up) 

4tT£o a? 

Force exerted by right charge on dipole: 
1 




PQ , \ 
T" ^P) 


47T£o tf 3 

Net force on the dipole due to all charges: 

F = Fy H- F\ -f F$ — 0 

Hence, net force on the dipole is zero. 

The total electric potential energy consists of interaction of 
all the three charges among themselves and interaction of 
these three charges with dipole. So, 


U = 2 


1 q 2 \ 1 q 2 


(J- 

\4tc£ 0 72 a) 


4- 


^47T£ 0 *j2a) 4 ji£o 2a 

— p * E up — p - ^left — P * bright 
P ' ^Icfi — p ' ^rigbl = 0 


(Because electric fields produced by left and right charges 
are perpendicular to p.) 

- £ / 1 ^ \ 1 
-p ■ £ up =—p 


v 4tt£q a 2 
Putting the values, we get 


q 

— 1 COS 7 T 


RP 




^2\/2 4- 1J ■ 


4tt£o cl 1 

1 pq 


4tt£o 2a L J 4tt£q a 2 

23. a. Charges at A , £, C and D are placed at equilateral position 
of dipole. Hence, force on each of them due to dipole: 

Qp 


F\ = 


4neo (a/-y/2^ 


This force is downward on charges. Hence, force due to these 
charges on dipole is 4F\ (upwards) 

Force on dipole due to charge at P: 

2 P Q 


F 2 =Q 


47 (a/\/ 2^ 


(upward) 

3 V2Qp , 

-t- (upward) 

7T£o^ 


Net force on dipole: F = 4F| 4- F 2 
b. PE. of system 

V - (10 pairs of charged particles) + (5 pairs of dipole and 
charged particles) 

As potential energy of dipole with four charges at A, £f, C 
and D will be zero, 




47T£f, 


U = 


4tt£o -Jla 47T£o a 


PQ 


2V2 n. 


i£oa 2 


24. Potential esergy of dipole system A and B : 
Potential at A\ due to dipole at B 

l 2 p cos 60" 


V.. = 


4ft-£ 0 


Ml 


A 2 



Potential energy at A 1 — qV a 
Similarly, RE. at A 2 = — q V A 

Vi,2 = q(V Al ~ Va 2 ) 

2p cos 60° x q 


U AB = 


4tT£q 

2pcos60°q 
4 JT£ 0 


(4 + a/2) 1 ] 




2 q 2 a 


2„2 


(-?) 


2\ 2 4jt£o d} 


Similarly, potential energy of system A and C and B and C 
can be calculated which is same as U\ 2 . Hence, P.E. of the 
system 


U = U AB + U BC + U CA = 3 


2q 2 a 


2, t 2 


6q 2 a 


2„2 


47T£od 3 4n£^d} 


Object'''." 1 Twpe 


1. a. K.E. - Charge x potential difference = qV 

w ML 2 T~ 2 , ‘ . 

2. c. y — — = -—— = ML 2 T~ 3 A~' 

q AT 

3. a. EJectriciLy neutral means net charge zero. Potential of a 
neutral conductor may or may not be zero. It also depends 
upon the charge present on the surrounding bodies also. 

4. a. Negative charge itself goes from low to high potential. 

5. d. W = q (V f - V t ) = 0 since V> = V/ 

6. a. Because electric field intensity is zero inside a spherical 
conductor 

7. b. The potential at the surface of a hollow or conducting 
sphere is same as the potential at the center of the sphere and 
any point inside the sphere. 

kQ 

8. b. Apply V = —when - Ze 

9. c. K.E.; + P.E., = K.E./ + P E./ 

0 4- q x 600 = K.E.y + q x 0 
K.E.y = 600 x 10 -8 = 6 x 10“ 6 J 
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10. d. Let charge on smaller sphere is q. As the potential of both 
will be same finally, i>e., 

q_ = Q-q , Qr' 

r' r 


q = 


r + r‘ 


11. d. U = 




12. c. 


k x 4 k x 2 
1 — x x 


4 |iC 


=>• x = - m 
3 


-2pC 


1 -X X 

Fig. 3.119 


13. b. E = 


kQ 


„ 1 

E oc — 


14. c. Ei = £2 = 


kQ 2 




v 2 


r 1 


-=f-V 

Qi \r 2 J 

x — = (^-V — = 

Qi \ r iJ n 


15. b. f? is a vector quantity, V is a scalar quantity. 

' " dV 

16. a f E = - —= negative of the slope of V-r graph. 

17. b. W cq = q (V A — Vb) 

50 x JO -6 = 2 x lO" 4 ^ - V B ) 
V A ~V B =2SV 

kQ 

18. c. As potential at A and B is same, V A = V B — —.So, work 

a 

done in both cases will be same. 
kq\q 2 

19. b. U = £ -. There will be 6 pairs, 4 on a side of square 

and 2 as diagonal. 

20. d. A conductor is an equipotential body. Potential on it or 
within it is same everywhere. 

21. a. Potential decreases in the direction pf electric field. ^ 

22. d 

c b 



23. a. V c — V\ — V 2 


kq\ _ kq 2 
r\ r 2 


<h_ _ n 
qi y 2 
q\+qi= Q 

From (i) and (ii), we get 


(i) 

(ii) ' 


q\ = 


Qr 


r\ 


■ Put in V \, we get V c = 


y 2 

kQ 


y [ + y 2 

24. d. V is a scalar quantity, E is a vector quantity. 

25. a. dV = —E dr cos0 

Along the line of force, 6 is 0°, hence dV is maximum. 
So, the variation of potential is maximum along the line of 
force. 

26. b. Charge will induce on A but total charge on A will remain 
zero. Negative charge of A will be more closer to B than 
positive charge on A, So potential of B will decrease. 



Fig. 3.121 

27. a. Their potential will be same. V\ = V 2 

kgi g\ _ R\ 

R 2 q 2 R 2 

kqi/R} 


kq\ 

R, 


£l 

Ei 


kq 2 /R\ 


_qj_(Yi 

.qi Uf 

= e. (Yi \ 2 = h 

Ri\R\) El 


28. d. F=qE,W=qEx2 cos60" 

=> 4 = 0.2E x 2x - ’ => E = 20NC-' 

2 ' 

29. c. d = 10 sin 30° = 5 cm 

A» = 30-20 
d 5/100 

Direction of electric field will be in the direction of de¬ 
creasing potential. 

30. ’ b. W d . = q{V, - V.j) 

=4> 6.4 x 10 -19 = “1.6 x 10 _is (Fa - V 8 ) 

=> V A -V B = -4V 

=> V A — Vc = — 4 V(v V/, = Vc) 

=4- V ct Va= 4 V 


31. b. 


v k_x_2x IQ' 6 t A- x 4 x IQ" 6 
' ~ 0Ti + y(0.J) 2 + (0.5) 2 

tx4x 10 -6 k x2 x. 10 -6 
V 2 ~ -— . = 

o.i y(o.i) 2 +(o.5) 2 

Work done = q(V 2 - F,) *= 0.72 J 
32. d. Q = nq, R = n l ^r ' 
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F - kq F - 
Ismail — » ^big — 

r R 


V* g = 


knq 

nWi 


_ n 2/3 *i _ „2/3 


= n 


1 V sma „ 


33. a. We know that any extra charge resides on the outer surface. 
Finally both will be at same potential. It is because both are 
connected. 


34. d. Equipotential surfaces are perpendicular to the electric 
lines of forces. 


35. 


b. = 


Q 




Q 

47T£ 0 b 


W = q(V A -V B )=p^ 

4n£o 

a 

36. d. E = — —> does not depend upon radius if a is constant. 

£o 

37. a. V = ER\ If R is doubled, V also gets doubled. 

38. b. Electric intensity inside is zero, whereas outside it is not 
zero. 

39. d. Potential decreases in the direction of electric field. So it 
depends whether the lines of forces are from A to B or from 
B to A. 

40. c. Apply conservation of mechanical energy between point a 
and b: (K.R + P.E.) ff = (K.E. + PE.)* 

n , k (3 x 10- 9 )<7 o A(3 X lO" 9 )® 

—/ U t* --r-— - 

0.01 0.02 

1 , 4(3x 10- 9 )<7 o *(3 x 10“ 9 )4 o 

— -mv H- 


1 _ 1 
a b 


41. b. V = 


Put the values and get: v = \2</\5 = 46 m/s 
kqQ 


kqQ kq 2 


o =>Q/q = 1/4 


42. b. Find potential at A and C due to charge at B s then required 
work done is W = g( — V c ) 

43. c. Apply conservation of mechanical energy 

o 

44. a. lOCte = -— d . Solve to get the answer. 

2so 


45. c. 


Distance from surface: x — R = R/3 


46. d. All the charges are placed in x-y plane such that they form 
a square with origin as its center. So electric field at the origin 
will be zero. 


47. d. It depends whether both charges are of same or opposite 
sign. 

48. a. Because work is to be done by an external agent in moving 
a positive charge from low potential to high potential and 
this work gets stored in the form of potential energy of the 
system. Hence, it increases. 


49. b. Electric field will do the negative work, because the force 
of electric fielcf is opposite to the displacement. So external 
agent has to do positive work. So its energy will be used. 

50. d. a. is wrong because force will be same, but acceleration 
will be different because masses of electrons and protons are 
different. 

b. is wrong, because at a point there can be only one potential. 

c. is wrong, because charge lies on the outer surface of a 
conductor always. 

d. is correct because, the whole conductor will be an 
equipotential body. 

C1 kQ kQ 

51. c. ■— = - 

4*| r + x\ 

r + *[ = 4*i 



*i = 


kQ 

4* 2 


3 

kQ 

r - x 2 


r 

Xl = 5 

52. c ^ ^ = 120-SO =2Qcm _, 

dx 2 

There may be y- and ^-components of field also. 

53. a. U = kq 2 ^ 


B 


+ -Jld V3d) 


+kq 2 
+ kq 2 


("I* 

B 


i 


s/2 d n/3 d 

2 

* ad 

i 


) + * ,! B + B‘B) 
) + kql B + B) 


^ H + B) 


+ kq 2 

12 


B 


- —) 

-Jld \fi>d) 

__L + _L\ 

d \ J2 3 sfl) 

54. c. F e — mg tan $ 

= (1.20 x 10“ 3 kg)(10ms“ 2 )tan(37°) = 0.0090N 

(Balance forces in x - and y-directions.) 

Also: 
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' \ 


_. P Vq 
F e = Eq = — 

_ Fd _ (0. 009 N) (0.0500 m) = 5Q Q v 
V ~~ q 9.0 x 10 -6 C 


+ 4 


' 8 ‘ (°~ 

= -q(Av) 




- 1.2 


v?=2. ? 


l»| - u 


o 

P 


o 

Q 

K- 


- a/2- 


Fig. 3.123 


56. a. W = F-r = qE -r 

57. c. V A = Vi + V 2 

V A = 


4jT£o 


(' ' ) 
\R -SW+atJ 



fi= RU-a* 
r=VflJ+<j2 


_ 1 7 \ 4 

^ B 4jz R 4tt£o r 


V A -V B = 

v A -v B = 


2? 

4;r Sc 
2g 
4jT Co 


[i-Il 

L* r J 

ri_ l_ 

L ^ a //?2 -|- o 

58. a. - V 0 = - f E x dx - f Eydy 
Jo Jo 

=+ V( X ,y) = v 0 - E x x - E y y 

*i = *i[ i-I + il 

3 R R L 2^3j 


q kq 

s9 - c - v '=‘!-s + 


6 — 3 + 2 _ kSq 
6 “ 6 R 



60. a. vy — V, = — / (Ej + Eyj + £ s *) ■ (dxl + dy j + dz k ) 

I 

V s - V A = - J E x dx + J E y dy + J E t dz 

-i i 

~2 \ 

V B -V A = - j 2dx+ J 3 dy 

_l 2 

V fl - V A = —[2(2— 1) + 3(1 -2)] 

Vs - V A = —[2 - 3] = 1 V 

Hence, V A - Vs = -1 V 
dV 

61. d. E r = 

dr 

E x = — 4x 

Electric field at x = 2 m 

E x = -8 NC -1 
E = —81 NC -1 

62. c. Dotted lines will give the direction of electric field as in 
Fig. 3.126. 

y (cm) 



x (cm) 


Distance between equipotential lines 


A r = 10 cos 60° = 5 cm 


\E\ = 


AV 


A r 


10 


5/100 


= 200 Vm 


-i 


E = |£|£ = 200 [-cos 60° i+ sin 60° j] 
E =200 


U 73, 

~2 l + T J 
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E = 100 [-1 +V3;] NC -1 

63. b. Equipotential lines are concentric circles, 

These pattern of equipotential lines should be due to 
point charge at the center of circles. 

Let us consider few equipotential lines 

1 4 _ q 


20 = 


60 = 


4jts 0 30 x 10 -2 


4jteo 

<7 


= 6 


= 6 


tion. 



*2 kQ 

VC =-7- 

r b 

= kQ_^Q 

a b 


Potential of B is zero. 

V 

65. a. E = F = eE — eV/d 
a 


d = -at 2 
2 


kq —qa 

68 ‘ c ’ — + 2d = ° ^ * ,= ~Td 


-[ 



1 --1 

d l 

2d 2\ 

2d L 

d\ 

aq 

(d-a) 



2d 

d 




4tt£o 10 x 10 -2 4jre 0 
For point charge, electric field should be in radial direc- 

The value is E = —— = ~ (Vm - * 1 ) 

4jt£o r2 r 2 

64. b. +Q Charge will flow into earth. 


66. c. U = 2 kq 2 | 

_ lql f 

4jT£oa [ 



Fig. 3.129 

69. b. On connecting, the entire amount of charge will shift to 
the outer sphere. 

Heat generated = U; - U/ = 


%7T€oR\ &7T£qR2 

2 


(20 x 10 -6 ) x 9 x 10 9 
”■ 2 
= 9 J 


1.0.10 0.20 J 


70. c.V = — 
r 


1 


u = -eoE =- 
V 4 oc u 


1 Sok 2 Q 2 


71. b. E = a(yl + xj) 


F eV 


c 

m md 


V 2 — V\ = — I (aydx + axdy) 

- ' = /? 


V — — a J (ydx + xdy) + C 
f 

j'ldmd l2md 2 


V = -a 1 d(xy) + C = — axy + C 

V eV eV 


■ 72. d. (i) (2/2. e/20 

1 1 1 

4- ----h --h 

2 a 3 a Aq 

•] 

(io e/2, e/4, e/4 
(ii) 3 e/s, e/4,3 e/8 
(iv)5e/16,5e/16,3e/8 

1 ^ 1 it 

2q 2 log, 2 

(v)5e/I6, 11 e/32, 11 e/32 

2 + 3 4 + " J 

Ane^a 

73.. a. V = JC 2 - y 2 


-q +q -q +q - q + q - q +q 

Fig. 3.128 


67. b.V x -V 00 = -J E x dx => V x -0 = - / — 2 dx 

oc Y 

A 


=> Kv = 


2x 2 



Fig. 3.130 
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E y = 2y 

74. a. The potential inside the shell will be the same everywhere 
as on its surface. As we add 3 Q charge on the surface, the 
potential on the surface changes by the same amount as that 
inside. Therefore, the potential difference remains the same. 


Multiple Correct 
Answers Type 


4. a., d. As no charge is present inside the conductor, potential at 
any point inside the conductor is same as that of the potential 
of conductor.- 

So, potential of the conductor = Potential at the center 

= Vy T ^induced charges 
i.e., V^^ductor = T~T~ ^7 +0 

47T£o(d + R) 

As the total induced charge at conductor’s surface is 
equal to zero and hence to the potential at center due to the 
induced charge. 

For point B 


- f Exdx 
L 0 


1. a., b M d. 0 < x < a \ V x — 

(as E x = 0) 

X 

x>a\' V x = - j E x 

f \ n 1 

V, 


+ Vto = o 


dx + V, 


<*) 


= '- X Jjdx 1 
L . £ o J 


+ v (a) - -—{x -a)= — (x - a) 
So So 


X < 0; V A 


dx + V, 


X 

-/*' 


( 0 ) 


E, 


= -l 

J 


+ V(0) = 

Bq 


2. a., d. When a negative charge moves from high potential to 
low potential, its potential energy increases. 

Wd = q(v i - v 2 ) 


As v\ > v 2 and q is negative, hence 
W C | - negative. 

3. a., c. This question is based on the working principle of 
a generator. 

V, -V U = (-*!— + -£-) - ( 

\47T6- 0 /?t 47re 0 ^2 J \4tT£o^2 / 



1 1 " 

R\ R 2 _ 

As two conductors are connected, transfer of charge 
takes place from one conductor to other till both acquire same 
potential, i>e., here Vi — Vn =0 

Potential difference depends only on q\ (charge of inner 
conductor), so — V\\ = 0, where q\ = 0, i.e., total charge is 
transferred to the outer conductor. 


Vi - V, r - 


4 7T£o 


Vinduccd charges 

5. a., b., d. 


<7 _ q_ _ -Q R 

47reo {d -F R) 4tt£o d 4jreod{d + R ) 

v = g ° x + g 
Vl 4 tT£qR\ g %7l£o R \ 

_ Ms + 

' 47T£()/?2 8 tT £()/?2 


du = Uf~ Ui - 


‘Aflo + <7/2) 

47t$o 


I 

Ri 



<0 


It means electric potential energy is decreasing and work 
done by electric force would be positive as given by 
We = -dU 
From work-energy theorem, 


dK — Wj ■+■ Wfi + A //dissipated 


Now, we can answer the remaining options. 

6. a., b. ? c. Because the metal can is deep, so —Q charge will 
be induced on the inner surface and +Q on the outer surface 
(Fig. 3.132). 



Fig. 3.132 


As the can is deep, so potential of A will not change. 

[f metal can is earthed, then +Q charge will slow into 
earth and remaining -Q will decrease the potential of A 


Assertion-Reasoning 

Type 


1. c- Electric field is directed from high potential to low poten¬ 
tial. 

2. a. The surface of a conductor is an equipotential surface as 
electric field inside the conductor is zero. If there is some 
potential difference between two points of conductor, then 
charge will flow within conductor to make the potential same. 
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3. d. Potential depends not only on charge but also on the shape 
and size of the conductor. 

4. a. Inside electric field is zero but not outside. 

5. c. Earth also has some surface charge density due to which it 
produces electric field in the surrounding space. 


Comprehension 

Type 


For Problems 1-2 


1. b., 2. d. 

Sol. Potential is a scalar quantity. We see that potential at 
P due to both charges is same in magnitude. In problem 1, 
both potentials are added and in problem 2 , both potentials 
are cancelled. 

For Problems 3-4 
3. b M 4. c. 

Sol. The work that must be done on q$ by an external force 
P ;xt is equal to the difference between two quantities; the 
potential energy U associated with q 3 when it is at x = 2a 
and the potential energy when it is infinitely far away. 

q\ = -e qi = + e 93 = + e 

—o—0—0—• 

x-0 x = a x-2a 

Fig. 3.133 

The second of these is zero* so the work that must be 
. done is equal to U. The distances between the charges are 
/*13 = 2 a and r 2 3 — a, so from 



If <73 is brought in from infinity along the +*-axis, it is at¬ 
tracted by q 1 but is repelled more strongly by q^\ hence 
positive work must be done to push q 3 to the position at 
x-2 a. 

The total potential energy of the assemblage of three 
charges is 


1 >p wu = 1 

4jt£ 0 I'ij 4TTCo 



, <71 ?3 

H- 

r J3 


rrs ) 


_ 1 / (~g)(g) + (-e) ( e ) + (g)(e) \ _ 

47te 0 \ a 2 a a ) 8jt£o a 

For Problems 5-6 
5. c., 6 . b. 

Sol. E; = Ki + Uj 

= 1(0.0015 kg)( 20.0 ms " 1 ) 2 

*(2.00 x 10" 6 C)(8.00 x l(r 6 C) 

+ 0.800 m 

= 0.48 J 


r r 1 2 , *9192 

Ei = Ej = -mv f + - 

2 l‘r 


»/ 


4vro m s- 

V 0.0015 kg 


At the closest point, the velocity is zero: 

0.481=^ 

r 

*(2.00 x 10 - 6 C)( 8.00 x J0" 6 C) A 

r =--= 0.30 m 

0.48 J 

For Problems 7-9 
7. a., 8 . c., 9. b. 

Sol. At A: Va — k (— + ^ 

\n r 2 


) 




2.40 x 10 -9 C —6.50 x I0 -9 C 


,05 m 


+ 


0.05 m 


; )=- 


■738 V. 


At B: V s = k ^ ^ 

, ( 2.40 x 10" 9 C -6.50 x 10 " 9 C 


1.08 m 


0.06 m 


= -705 V 


2 . W = q&V = (2.50 x 10" 9 C)(-33V) 

= -8.25 x 10 “ 8 J 

The negative sign indicates that the work is done on 
the charge. So, the work done by the field is 

8.25 x 10 -8 J. 

For Problems 10-13 
10. d., 11. d., 12 . d., 13. b. 

Sol. Electric field at ‘O’ (Fig. 3.(34) 



D F C 
Fig. 3,134 

E 0 = 2.2\E A \ cos45° 


E 0 =4 


1 


4 jt £ 0 (a/ s/ 2) 1 sfl 

p _ 

7T£oa z 

Electric potential at O will be zero, i.e., 
Ve = 0 

V f = 2 [ 1 47 1 


_47T£q (a 1 + a 2 /4y/ 2 4;t£o aj2_ 

r 2 _ r 

\_*/5a a _ 


4 

2rt£o 
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g 

7 T£ a 



For Problems 14-15 
14. b., 15. c. 

Sol. The electric field due to charges Q and Q will be di¬ 
rected towards perpendicular bisector of line joining charges. 
Hence, negative charge retards and comes to rest at some po¬ 
sition on this line. From this position, the charge —q will 
return back. 





Em = 
Q 


1 


22 


47re 0 (x 2 + Z 2 ) (x 2 + / 2 )'/ 2 

1 2 


4tt so / 

1 

(x 2 +1 2 ) ~ 
1 

(x 2 + W) - 

(x 2 +A 2 ) i/2 = 


= 2(-q) 


4jieo (x 2 + I 2 )'/ 2 
2 1 


-nstfnv 

Vq h 

-JT£ 0 mv 2 + qQ 

qQl 

qQJ_ 

qQ — ns.Imv 2 


(* 2 + X 2 ) 


_V 

\q 2 “ xsalmv 2 J 


x = 


x=l 


qQ - Jiealmv 2 / 

'( _£»_'l 

V<72 - TTEolmV 2 / 

qQ 


2 -|'/ 2 

-/ 2 


<? 2 - 


?)' 


-|i/2 


For Problems 16-17 
16. a., 17. c. 

Sol. If q\ and qi are the charges on the spheres of radii r and 
R- t respectively, then, by conservation of charge 


But 



”^t + <72 = 2 
'«! = 02 
<?l _ 

4nr 2 ~ 4nR 2 


(0 


21 _ £_ 

92 * 2 

From (i) and (ii) 

Qr 2 


9t 


r 2 + * 2 


and ^2 = 


2 A 2 


; + fl 2 


Hence, potential at common center, 
V = V } + V 2 
l 


v = 


[M] 


v = 


4neo 

i r Q r 


QR 


v = 


4ne Q |_(fl 2 + r 2 ) 
i Q(R+r) 
4ne 0 (R 2 + r 2 ) 

For Problems 18-20 
18. b., 19. a., 20. b. 

Sol. 


(R 2 + r 2 )_ 


-6 


Hhif 


..U-i 

i ° i 


-3 


12 

i 

< 


L L I i I 


Fig. 3.137 
For -6 < x < -4: 

E—^—^-°) — 6NC - 

dx Ax T—4 — <"—6)] 

For -4 < x < -2: 

„ AV n 

Ax 

For —2 < x < 2: 


£ — -■ 


AV 


[0 - 12 ] 


= 3 NC" 


Ax [2 - (-2)] 

For 2 < x < 3: 

For 3 < x < 5: E = 0 
For 5 < x < 7: 

£ - 3 NC- 1 

E [7-5] " JNC 

For Problems 21-23 
21. a., 22. a., 23. d. 

Soi. W c , e = -AU = —q(V/ - V.) 

4.8 x ]0 _l9 = -1.6 x I0 _l9 (- V A ) 
(V U -V A ) = -3.0V 


('0 


> t 
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Points B and C are on same equipotenlial surface. 
Hence, V$ = V^ 

Vc-Va = Vn -V A = -3.0 V 

V c - Vb^O 


For Problems 24-25 
24. a., 25. b. 

Sol. The points A and C lies in equipotential line 

The points B and C lies in equipotential line 

■ v B = v D 

V A - V D = V A - V 5 = —EAx 

V A - V b = -2Q(X a -X b ) = -20 x -1 

Va - V B = 20V 

V A - V D = V A - Vs = 20 V . 

For Problems 26-28 

26. c., 27. b., 28. a. 

Sol. 



Er 


AV 

a7' 


E x 


AV 

a7 


For — 2 < x < 0; £* = 
ForO < ;c < 2; E x = 0 
For 2 < x <4-; E x = — 

For 4 < x < 8; E x = — 

For Problems 29-30 


( 10 - 0 ) 

[0 - (— 2 )] 


-5 NCT 1 


[ 20 - 10 ] 

[4-2] 

[0 - 20 ] 

[8-4] = 


-5 NCT 1 
NCT 1 


29. c., 30. a. 

/ 

Sol. Vj-Vi = - J (E,i + E y j + E z k) ■ (dx 1 + dly J + d z k) 

i 

If electric field is constant, we can write, 


Vf — Vj = -[E x (x f - Xi) + Ey(y f - y,) + E z ( Zf - z;)] 
V/-V, = - [ 100 cos 30°(0 + 2) + 100 sin 30° (4-0)] 

V B - V a - m -100[2+V3] volt 


= -[I00(cos30t + sin 30})] • [(10 + 2) i + (4 - 0)j] 
= — 100 [2+ 73] V 


Alternatively: 

Drawing equipotential lines through A and B 


B 


\ A 30< \30° 

2 V 0 ° O \ 
D \ 


Fig. 3.139 

DC = OB cos 30° + OB sin 30° 

73 I r 

DC = 2 x + 4 x - = (75 + 2) m 
2 2 

Potential decreases in the direction of electric field. 
Hence V B - V A should be negative. 

For constant electric field 
AV 


\E\ = 


A r 


| AV| = E|Ar| = 100 (a/3 + 2) 

V B -V A - -100(V3 + 2) 

For Problems 31-34 

31. a., 32. b., 33. d., 34, a. 

8V ,8V , 

Sol. E x - = -3 Vm _ ; E v =-= -4 Vm“' 

ox ' Sy 

1 x 10 -<i x 3 c _ 2 

- = -3 x 10 5 ms 2 


Or = 


<1 E x 


m 


a = ill - _ 

' m 


10 

1 x 10“ 6 x 4 
10 


= -4 x 10 ms 


- 5 _ -2 


Time taken to cross jc-axis; 

_ _ i l . 

Using s = lit + - aV~ 


3.2 = 

- X 4 x 10 s 
2 

X 

/ 2 


/ = 400 s 



1! 

= -3 x I0“ 5 

X 

400 

= 

12 x 10“ 3 ms 

-1 


11 

a 

= -4 x 10" 5 

X 

400 

^ = 

: 16 x 10 _:! ms 

-1 



V = + 7 

u = 20 x ICT'ms 


2 
y 

- i 


Alternatively: 

In constant electric field 

V f -Vi = -E- AT 


For Problems 35-36 

35. a. iii., b. -» ii., c. -> i., 36. b. 

Sol. q\ = a Art a 1 , qi = —crATtb 2 , q 3 — cr4;r c 2 
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kq i kq 2 kq y 

* A ~ -r —-1- 

a b c 


1 r gAtto* <i4nb 2 <j4jzc 2 

— [ --— 


4jtSo 
a 


a 


] 


= —[a - b + c] 

£o 

Similarly V D = ~ + —, 

b b c 

kq y kq 2 kqi 

Vc = -1-1- 

c c c 

For problem 36, put V A = V c 
For Problems 37-40 
37. b. 5 38. a., 39. c., 40. d. 

SC. 1.8 xl0^= 9X109X91 


(0.1) 2 

U = 9 x 10 9 x 2 x -6 I"— -1-1 = 
L0.1 0.2 J 


qi = 2 x 10" 6 |i C 
9 x 10 4 



„„ „ kq\ 9 x 10 9 x 2 x 10 -6 „ , - „ 

38 - E = 7T - (0.20)* -= 4 - 5 * N ' c 

39. Interaction energy 

Self-energy: 

O| = W0N£»^ =01IJ 
;/! = iil l0^2x_ ! 0^ =0 09J 


Total energy : U + U\ + U 2 — 0.09 J 
40. Both the charges will get neutralized and there will be no 
charge left on any sphere so no energy will be left in the 
system. It means whole amount of energy will convert into 
heat. 


Matching 
Column Type 


1. i. -v a., d v ii. c., e., Hi. c., e., iv. c., e. 

Sol. u Due to q, chare will be induced on the conductor, such 
that net field due to q and induced chare becomes 2ero at any 
point inside the conductor. 

Since E- 0 every where inside the conductor, so potential 
is constant inside and same as that of surface of conductor. 

ii. Due to q , field and potential both will vary inside. 

iii. Due to q 2 > field and potential both will vary inside. Be¬ 
cause inside charge system has nothing to do with outside 
system. 

iv. Same as that of iii. 

2. i. b., g., ii. c., h., iii. a., f., iv. d., e. 

Sol. i. There is no charge on the outer surface, so not electric 
field at r > a (Fig. 3.142(a)). E and V exist only insider > a 
as shown by b. and g. 


+ Q ' 



ii. No field from r = 0 to Z>, otherwise field at any other 
potential will be same as that produced by a point charge Q 
at center (Figure 3.142(b)). 

iii. No charge inside, hence no electric field inside r < b. 
For r > b y field will be same as that produced by a potential 
charge at center (Fig. 3.142(c)). 

iv. For r < a, field will be that of- Q at center (Fig. 3.142(d)). 

For r > b y field will be that of +Q at center. 

For a < r <b, no field. 

3. i d., ii. -v c., iii. b., iv. a. 

Sol. Charge induced at the surface of ' 1 ’ 

q\ = -q 

Any point located on the surface of sphere;^.,will have zero 
potential 
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Hence ,x = -- q. 

4 

Hence, charge appearing on surface 2 is -- q and 


4 

charge appearing on surface 3 = - q and charge appearing 


on surface 4 

^ 4 

94 = - -q 


Hi 

3 


Vp= 0 = Vx.ow + surface + V CM 


„=M +k ts^l 

2 R 2 R 


+ k 


(2 q) 

3 R 
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CAPACITOR 


Any two conductors separated by an insulator (or a vacuum) 
form a capacitor (see Fig, 4.1). An electrical capacitor is not a 
device to store electric charge, but it stores electric energy in 
the form of electric field. Basic elements of a capacitor are two 
isolated conductors of arbitrary shape. No matter what their ge¬ 
ometry is, these conductors are called plates . If these two isolated 
conductor plates are kepi parallel to each other, the combination 
is called a parallel plate capacitor as shown in Fig. 4.2. 



Any two conductors 
a and b insulated 
from one another 
form a capacitor. 



Parallel plate capacitor 

Fig. 4.2 


The symbol for a capacitor is -||- . Although this symbol is 
based upon the geometry of a parallel plate capacitor, but in facl, 
it is used f©rany type of capacitor, e,g., a parallel plate capacitor, 
a spherical capacitor or a cylindrical capacitor etc. 

The region between the two conductor plates is generally filled 
by an insulating material called dielectric. 

Practically, almost always, when a capacitor is charged, ils 
plates have equal but opposite charges +q and -q. However, we 
refer to the charge of a capacitor as being q % the absolute value 
of the charges on the plates. Please note it consciously that q is 
not the net charge on the capacitor, in fact the net charge on the 
capacitor is zero. 

Or simply: when we say that a capacitor has charge q> or that 
a charge q is stored on the capacitor, it means that the conductor 
at higher potential has charge +q and the conductor at lower 
potential has charge -q (assuming that q is positive). 

Because the plates are conductors, they are equipotential: i.e., 
all the points on a plate are at the same electric potential. Further, 


there is a potential difference between the two plates, which is 
denoted by V for historical reasons, rather than by A V. 

The charge q and potential difference V for a capacitor are 
proportional to each other, i.e., q - CV. 

The constant of proportionality C is called the capacitance 
of the capacitor. To determine the capacitance of a capacitor, 
electrical techniques can also be used. 

The electric field at any point in the region between the con¬ 
ductors is proportional to the magnitude q of charge on each 
conductor* It follows that the potential difference V between the 
conductors is also proportional to q. If we double the magnitude 
of charge on each conductor, the charge density at each point 
doubles, the electric field at each point doubles and the poten¬ 
tial difference between conductors doubles; however, the ratio 
of charge to potential difference does not change. This ratio is 
called the capacitance C of the capacitor as mentioned earlier: 

C = — {definition of capacitance}. 

Greater the capacitance C of a capacitor, the greater is the 
magnitude of charge q on either conductor for a given poten¬ 
tial difference V and hence the greater is the amount of energy 
stored. 

Value of C is independent to the charge q or potential dif¬ 
ference V. It purely depends on the geometry and shape of the 
conductors forming the capacitor. It also depends upon the ma¬ 
terial medium placed between the conductors. 

Note: A single conductor can also act as a capacitor by 
assuming that the other conductor is placed at infinity . 


UNITS OF CAPACITANCE 

The S.I. unit of capacitance is coulomb per volt which is Fre¬ 
quently written as farad (F). The symbol F is used for this. This 
is a very large unit. Some smaller units such as microfarad (pF), 
nanofarad (nF), picofarad (pF). etc. are also used frequently. 


Parallel Plate Capacitor 


It consists of two large plates placed parallel to each other with a 
separation d small in comparison to the two dimensions (length 
and breadth) of the plates (Fig. 4.3). 

In an ideal capacitor, electric field resides in the region with¬ 
in the plates. No electric field is outside the plates (neglecting 
fringing effect for ideal case). So, the entire energy resides with¬ 
in the capacitor and no energy is therefore outside the capacitor. 
Electric field is directed from positive plate to negative plate in 
such a way that the lines emerge perpendicularly from positive 
plate and terminate perpendicularly to the negative plate. 


Electric field between the plates: 

Bo Aeo 

Therefore, potential difference between the plates: 

Q sqA 

and therefore capacitance C = —■ = —- 

V d 
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>■ i ^ 


( ^ _+ + + + ++ + + x 


J T~ C 


(b) 


the conductor. Let the potential of the conductor when (during 

q 

charging) the charge on it was q (< qo) is V — —. 



Now, work done in bringing a small charge dq at this potential 
isfifW = Vdq = (^)dq 
Total work done in charging it from 0 to qo is 


(a) A charged parallel plate capacitor. 

(b) When the separation of the plates is small compared to 
their size, the fringing of the electric field >£at the edges is 
slighL 



Fig. 4.3 

Capacitance of a Spherical Conductor or 
Capacitor 

As we have already said that a single conductor can also act as 
capacitor, here we will find the capacitance of a single isolated 
sphere (Fig. 4.4). For this, let a change q is given to a spherical 
conductor of radius R , then potential on it 


An Sq R 



The other conductor is supposed to be at infinity whose po¬ 
tential will be taken as zero. 

So, the potential difference between sphere and the conductor 
at infinity = V — 0 = V 

q 

Then, capacitance C = — = 47r$o^ 

Thus, capacitance of a spherical conductor is C = 4 ttco^- 

Energy Stored in a Charged Conductor or 
Capacitor 

Work has to be done in charging a conductor or capacitor against- 
the force of repulsion by the already existing charges on it. The 
work is stored as a potential energy in the form of electric field 
of the conductor. Suppose a conductor of capacity C is to be 
charged up to a potential V 0 and let qo be the final charge on 


This work is stored as the potential energy. 


Further, by using qo = C V 0 , we can write this expression as, 

u = \cv\ = [ -q„V 0 

In general, if a conductor (or capacitor) of capacity C is 
charged to a potential V by giving it a charge q , then 



w 

2 C 



Potential energy of a spherical capacitor made of a single 
sphere: 



8/T£o R 


(v C = AneoR) 


Note: It is a common misconception that electric field en¬ 
ergy Is a new kind of energy j different from the electric 
potential energy described before . This is riot the case ; it is 
simply a different way of interpreting electric potential en¬ 
ergy . We can regard the energy of a given system of charges 
as being a shared property of all the charges, or we can 
think of the energy as being a property of the electric field 
that the charges agate* Either interpretation leads to the 
same value of the potential energy . 


Force Between the Plates of a Parallel Plate 
Capacitor 

Consider a parallel plate capacitor with plate area A. Suppose a 
positive charge +Q is given to one plate and a negative charge 

— Q to the other plate. The electric field due to only the positive 

a Q 

plate is E = — =-at all points if the plate is large. The 

2ao 2A£q 

negative charge — Q on the other plate finds itself in the field 
erf" this positive charge. Therefore, force on this plate: F = EQ 

Q % 

— ' . This force will be attractive. 

2 A so 



























4-4 Physics for IIT-JEE: Electricity and Magnetism 



Fig. 4-6 

Energy,Density (Energy Per Unit Volume) in 
Electric Field 

Consider a parallel plate capacitor of plate area A and plate 
separation d . Let the charge on capacitor is Q , then electric held 

a Q 

in the region between the plates is: E = — =- 

£o Ae 0 

Volume of capacitor: V - Ad 

Q 2 Q L d ( Q \ 2 1 

Energy aored: u = - = — - J 

_ . , U ( Q V\ to/W 

Energy per unit volume: w = — = -- 

V \^^o/ 2 

1 - 
U — -£q E 2 
2 

Although we have proved the above result fora parallel plate 
capacitor but in general this is true for any kind of capacitor or 
any other kind of electric field. 

Potential energy of a spherical capacitor made of a single 
sphere using concept of energy density: 



Energy density : u = -eoE 2 


dU = udV = -£ 0 
2 


fJ-fiV 

\4jr6 0 r 2 / 


4 itr^dr 


U = 




8;t£o 


&7T£qR 


Loss of Energy During Redistribution of Charge 

Let two capacitors of capacitances C\ and C 2 are charged sep¬ 
arately up to potential differences of V\ and V 2y respectively, 
as shown in Fig. 4.8(a). Now, suppose these two capacitors are 
connected (positive plate of one capacitor to the positive plate 
of other and negative plate to negative plate) with each other as 
shown in Fig. 4.8(b). If V\ ^ V 2y then redistribution of charge 
will occur until the potentials of both capacitors become equal. 
Let V is the final common potential difference across each ca¬ 
pacitor. 


C\>V\ 

Q x = CiV x 


Q 2 


Initially 

(a) 


Qi=c 7 v 2 


Fig. 4.8 



V —► common potential 
Finally 

(b) 


Initial charges: Q\ = C\ V\ y Q 2 = C 2 V 2 . Let final charges are 
q\ and q 2 as shown in Fig. 4.8(b) 

From conservation of charge: q\ + q 2 — Q\ + Qi (i) 

(ii) 


And F = SI = Si 
Ci C 2 

Solving (i) and (ii), we get 


,, _ Q\ + Qi _ C\ ( Q ] + Q 2 ) _ C 2 (Q\ 4- Qi) 

v - CiTc ?* 1 - c, +cT ,<?2 " c, + c 2 

We can show that in redistribution of charge energy is always 
lost. 

1 Q] 1 Q\ 

Initial potential energy, U\ = - — 1 + 

2 C| 2 C 2 

Final potential energy, 

c/r = | CC, + = I 


Loss of energy: 


A^,.-^ = ir^ + gi- (e ' + ^ )2 i 

! 2 L C, C 2 Cl + c 2 \ 


or A U = 


[q]c x c 2 + q}cI + q\c 


2C,C 2 (C|+C 2 ) 

+ Q 2 2 c,c 2 - Q}C { C 2 - Q\C x C 2 - 2QiQ 2 C\C 2 ] 


A U ~ 


cfci 


r r& 


or A U — 


2C[C 2 (C\ + C 2 ) 

C 1 C 2 


QI | Ql 2Q\Q2 


4" 


L ^ I 


2(C, + C 2 ) 


(V! - V 2 ) 


ci 

2 


c,c 2 


Fig. 4.9 shows three conducting spherical 
shells A, B and C with charges — q , +q /2, +q , respectively. 
Determine the capacitance of the system between points A 
and C. 





Sol. Potential at A (V A ) = Potential due to charge on sphere A 
+ Potential due to charge on sphere C + Potential due to charge 
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on sphere B 

__}_£ + i q + g/2 

4,T£ 0 a 4 tt£o b 4n£ 0 f (a + b)/2] 

= JL_ /!_ i + _L_) 

4tt£ 0 0 (a + b)/ 

Potential at C (Vc) = Potential due to charge on sphere A 
+ Potential due to charge on sphere C + Potential due to charge 
on sphere B 

__ 1 + 1 s_ + 1 £ _ q 

47r^ 0 & 4rr£r 0 2b 4 tt£o i> 


Potential difference = V A — V c 

-s- 

4^eo \b a (a + b) J %7t£bb 


q (a 2 — 2 ti 1 ■+■ ab\ 
^ Stcso \ ab (a + b) ) 

Capacitance of the arrangement = --- 

V A - V c 


q 

| « 1 

(a 2 — 2b 2 H-ab\ ] 

1 8;T£o 1 

l ab(a + b) )\ 


Zne^ab{a + b) 
(a 2 - 2b 2 -|- ab) 


itirFtiiiitwnBBii Fig. 4.10 shows that a conducting sphere 
A of radius V is surrounded by a neutral conducting spher¬ 
ical shell B of radius b (> a ). Initially, switches Si , S? and 
53 are open and the sphere A carries a charge Q . First, the 
switch 5i is closed to connect the shell B with ground, and 
then 5i is opened. Now, the switch Si is closed so that the 
sphere A is grounded and then Si is opened. Finally, the 
switch 53 is closed to connect the spheres together. Find the 
heat produced on closing the switch S3. 

B 



SoL When the outer sphere is connected to ground, charge -Q 
resides on the inner surface of the sphere 5, with no charge on 
its outer surface. When it is disconnected from the ground -Q 
remains Qn its inner surface. Now, the sphere A is connected to 
the earth, so potential on its surface becomes zero. 

Let the charge on the sphere A become q, then 


V A = 


1 q 


1 Q 


= 0 


«=~ b Q - 


4tt6q a 47 t6q b 

The resulting charges on various surfaces are shown in 
Fig. 4.11. 



Q+(a/b)Q 


In this position, energy stored 


£/i = X 


I 1 1 


2 47T50 

I 


;(!«) 


2 1 

+ T 


1 


2 4n so b 


tQ 2 


4tt$o b \b 




(0 


The above energy is sum of the energies of each of the indi¬ 
vidual spheres and (heir interaction energy (represented by the 
third term). 

When switch S3 is closed, total charge will appear on the outer 
surface of the shell B. In this position, energy stored 


t/2= r- 


l 1 1 


b\b J 


2 4neo 1 

This energy is corresponding to the outer sphere only. 

Q 2 a (b - a) 


Heat produced = U\ — Ui = 


Sneob 3 


Two capacitors Ci and C% (where 
Ci > Ci) are charged to the same initial potential differ¬ 
ence, but with opposite polarity. The charged capacitors are 
removed from the battery and their plates are connected as 
shown in Fig. 4.12(a). The switches 5i and 52 are then closed, 
as shown in Fig. 4.12(b). 



Qn Ci Qv C 7 

(a) (b) 

Fig. 4.12 


a. Find the final potential difference between a and b after the 
switches are closed. 

b. Find the total energy stored in the capacitors before and after 
the switches arc closed and the ratio of the final energy to the 
initial energy. 

Sol. a. The left-hand plates of the capacitors in Fig 4.12(b) act 
as an isolated system because they are not connected to the right 
hand plates by conductors. The charges on the left hand plates 
before the switches are closed are 

= AV, and Q 2 i = C 2 AVi 
The total charge Q in the system is 
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Q — Q 1/ + Qri — (C i — C2) AV ( - 


0) 


After the switches are closed, the total charge in the system 
remains the same. 

2 = Q\f + C 2 / (») 

The charge$Tedi$tribute until the entire system is at the same 
potential A Vj. Thus, the final potential difference across C\ 
must be the same as the final potential difference across C 2. The 
charges on the capacitors after the switches are closed are 

Q\f = Ci AVy and Q 2 / = 

Dividing the first equation by the second, we have 

Q\f = CiAV/ = £, 

<22/ C2AVf C 2 

Combining equations (it) and (iii), we obtain 

<2 = Q\/ + <22/ = ^62/ + 22 / = 22/ ^1 + 

Cw “ C (c^ci) 

U6ing equation (iii) to find Q\/\n terms of Q, we have 

Ql/ = £lQ 2/ = £iQ(^-) = Q(-£L.) 

1 C 2 f C 2 ^VC| + cJ U \C)+C 2 ) 
Finally, voliage across each capacitor is 


Q\f — -prQif 

C 2 


(iii) 




<cM 

c, c 

efefci) 


C 1 H-Ci 


and AV 2/ = ~t- = - 

C 2 Ci C\ + Ci 

As noted earlier, A V\f = A Vj/ = A V/ 

To express A V/ in terms of the given quantities C\ , C 2 and 
A V (> we substitute the value of Q from equation (i) to obtain 
'Ci - Ci 


A V f 


= (C^Ci\ 
\C 1 + C2/ 


A Vi 


,C| + C% i 

b. Before the switches are closed, the total energy stored in the 
capacitors is 

V, = lc,(AV,) 2 + ^C 2 (AV,) 2 = 1(C, + C 2 ) (A Vi) 2 

After the switches are closed, the total energy stored in the 
capacitors is 

Of = lc,(AV/) 2 + ic 2 (AV/) 2 = l(c, + C 2 ) (AV/) 2 

Q 2 


2 (C ‘ +C2) (c,+C 2 ) 2 C| + C 2 

Using equation (i), we can express this as 


1/,-i 


» (Cl -C 2 ) 2 (AV) 2 
2 


2(C| + C 2 ) 2 (Ci + Ci) 

Therefore, the ratio of the final energy stored to the initial 
energy stored is 

1 (Cl - C 2 ) 2 (A V;) 2 
Of _ 2 (C| + Ca) 

Ul ' ~(C| + Ci) (A V/) 2 


-( C.-Ca V 
\C| + c 2 y 


Illustration 4.4 


i 

Four identical metal plates are arranged 


in air at equal distance d from each other. The area of each 
plate Is A. A battery of em.f. V is connected across the plates 
1 and 2. Discuss the charge distribution and the find ca¬ 
pacitance of the system between points 1 and 2 if the other 
two plates are connected by a conducting wire as shown in 
Fig. 4.13, 


-• i 

-•2 


Fig. 4.13 


Sol, Method 1: Imagine a battery connected to points 1 and 2, so 
that there is' a charge + 2 on plate A and - Q on plate B. Charge 
on A and B would induce a charge — Q f on C while + 2' on D , 
plates C and D remain neutral. 

Consequently, charge Q on A is divided into two parts: +Q* 
on the left side of plate A and (Q — Q') on right side. Similarly, 
charge — Q on B is also divided, — Q on right side and —(Q — 
20 on left side on plate B. 

Due to charges on the plates, electric fields will appear in the 
gaps between the plates. Fields E ' between AC and DB would 
be same, while between A B, field E would be different. 



C -ffQ v 

© g / 

4 <D (Q-Q)V~ p V 

© O 

D © Q V 

Fig. 4.14 


Let the potential of plate A be V and that of plate B be zero. 
As the plates C and D are connected together, they will be at 
common potential, say V'. 

The capacity of the system can be written as 



We can write equation for facing surfaces (1) and (2) 

2'=?C 0 (V-V') (ii) 

For facing surfaces (3) and (4) 

(2 “ 2') = C 0 (V - 0) (iii) 

For facing surfaces (5) and (6) 

Q! = C 0 (V' - 0) (iv) 

From equations (ii), (iii) and (iv) 









































y 2 2d ^ 2 


£oAV 

Id 


Hence, equivalent capacitance is 
And charges on different surfaces are 


Surfaces 

Charges 

0), (5) 

e 0 AV 

2 d 

(2), (6) 

*> AV 
+ 2d 

(3) 

6oAV 

d 

(4) 

SqAV 

d 


Method 2: Equivalent circuit can be draws as shown in 
Fig. 4.15. 


A B 



u 

Co 


Co/1 




3Q> 

2 


h 


Fig. 4,15 

tv , . _ 3 _ 3 bqA 

Hence, equivalent capacitance C*, = -Co = — 

2 2d 

3 CqA 

Charge supplied by battery Q — - —— V 

2 d 

2 Q 

- — - Q and Qi = — 
Co + Co/2; 2 3 

Hence, charge on different surfaces can be calculated. 


Hence, 


,Q ' ^ (co + C 0 / 2 ) 
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Concept Application Exercise 4.1- 1 


1. Suppose the two plates of a capacitor have different areas. 
When the capacitor is charged by connecting it to a battery, 
do the charges on the two plates have equal magnitude, or 
can they be different? Explain your reasoning. 

2. The charged plates of a capacitor attract each other, so to 
pull the plates farther apart requires work by some external 
force. What becomes of the energy added by this work ? 
Explain your reasoning. 

3. The two plates of a capacitor are given charges ±Q. The 
capacitor is then disconnected from the charging device so 
that the charges on the plates can not change, and the ca¬ 
pacitor is immersed in a tank of oil. Does the electric field 
between the plates increase, decrease or stay the same? 
Explain your reasoning. How can this, field be measured? 

4. a. How many excess electrons must be added to one plate 

and removed from the other to give a 5.00 nF parallel 
plate capacitor 25.0 J of stored energy? 
h. How could you modify the geometry of this capacitor 
to gel it to store 50.0 J of energy without changing the 
charge on its plates? 

5. A capacitor of capacitance C is charged to a potential 
difference V from a cell and then disconnected from it. 
A charge +Q is now given to its positive plate. Find the 
potential difference across the capacitor. 

6. A capacitor is connected across a battery. 

a, Why does each plate receive a charge of exactly the 
same magnitude? 

b. Is this true even if the plates are of different , size? 
(Yes/No) 

7. Three identical large metallic plates are placed parallel to 
each other at very small separation as shown in the figure 
4.16. The central plate is given a charge Q . What amount 
of charge will flow to earth when key is pressed? 


Fig. 4.16 

8. The plates of a plane capacitor are drawn apart keeping 
them connected to a battery. Next, the same plates are 
drawn apart from the same initial condition keeping bat¬ 
tery disconnected. In which case is more work done? 

9. If a small charge q is moved along a closed path in the 
field between the plates of a parallel plate capacitor, will 
any work be done by the agent which moves the charge? 
(Yes/No) 

10. At which of the two points, 1 or 2, of a charged capaci¬ 
tor with non-parallel plates is the surface charge density 
greater? 
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Fig. 4.17 


11. A parallel plate air capacitor is connected to a battery. If 
plates of the capacitor are pulled farther apart, then state 
whether the following statements are true or false. 

a. Strength of electric field inside the capacitor remains 
unchanged, if battery is disconnected before pulling the 
plates. 

b. During the process, work is done by external force ap¬ 
plied to pull the plates irrespective of whether the bat¬ 
tery is disconnected or not. 

c. Strain energy in the capacitor decreases if the battery 
remains connected. 


COMBINATION OF CAPACITORS 

Sometimes to obtain a desired value of capacitance, we group 
two or more than two capacitors together. In this section, we will 
leam how to find the equivalent capacitance when two or more 
than two capacitors are grouped together? 

Equivalent capacitance of a group of capacitors is that value 
of capacitance of a single capacitor which will allow to flow (or 
store) the same amount of charge for a given potential difference 
as done by the combination . 

In other words, that single capacitor will perform the same 
task as done by the combination in all respects. 

Capacitors can be grouped in many ways, but the two common 
types of combinations are: 

(i) Series combination and (ii) Parallel combination. 


Capacitors Connected in Series 

Let n capacitors are connected in series as shown in Fig. 4.18. 
C eq is the equivalent capacitance of this system. 


c, c 2 

HI—II— 

v 2 


C n 

-HI— 



Fig. 4.18 

Let a battery V is applied across the combination, then 

V = V| + V2 H- VV n 

Q 


Q Q Q 

-h — 


-cq 


C 2 


C» 



Thus, the reciprocal of the equivalent capacitance of a series 
combination equals the sum of the reciprocals of the individual 
capacitances. 

Note: 

• In series combination, the equivalent capacitance is 
always less than any of the individual capacitance . 

• In series combination, charge on each capacitor is 
same but potential is different. From V = q/C, larger 
the capacitance lesser is the potential 


Energy in Series Combination 


q 1 e 2 
u = — + — + 
2C, 2 C 2 


2 C„ 


= ^(_L + _L + ... + _L) = _el 

2 \Ct C 2 cj 2C C q 

Thus, a single capacitor of capacitance C eq will store the same 
amount of energy as stored by C \, C 2 >..., C n when connected 
in series. 

. Ci_Cj_C 3 

+e hi-fi" "+eii \\-Q "+Gn 1 + e 


-i?\- W — 

ill 



neutral 


m— y t —— v-l —w. 

_ li _ 

*— Vl' —H 


V 

Fig. 4.19 

As an example, let us take the case of a circuit consisting of 
three capacitors in series as shown in Fig. 4.19. Charge on each 
capacitor is same but potential can be different. 

e = CiV, = C 2 V 2 = C3V3 (1) 

V = V, + v 2 + V 3 (2) 


V-.£+ 2 + 

Cl c 2 c 3 


(3) 


or 


Hence, 


and 


Q = 


C,C 2 C 3 V 


j_ j_ _i_ 

Cl + Ct + c. 




C\C 2 + C 2 C 3 + C\C 3 

c 2 c 3 v 


Cl 

Q_ 

c 2 


V 2 — — = 


C\C 2 + C 2 C 3 + C 3 C\ 
C3C1 V 

C\C 2 + C 2 C 3 + C 3 C\ 

c,c 2 v 


v 3 = — = — 

C 3 C\C 2 + C 2 C 3 + C 3 C 1 


Special Case of Two Capacitors in Series 

Let two capacitors C| and Ci are connected in series and a 
potential difference V is applied across them as in Fig. 4.20. 
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Potential appearing on capacitors are V\ and V 2 , respectively. Q 
is the net charge that flows in circuit, then 


_L = J _ + J _ - C|C2 

c cq c, c 2 “* c, + c 2 
v ] + v 2 = v 

e = c,v, = c 2 v 2 


<i) 

(ii) 

(iii) 


„ V, C 2 

From (n), — = — 

V2 C| 

It means potential will be divided on the capacitors in the 
inverse ratio of their capacitances. 

C-yV CtV 

From (0 and (iii), V, = - —, Vi = — 

C | + C 2 C] + c 2 

In the above discussion, take C\ = 4 pF, C 2 - 8 pF and 
V = 12 V, then 
CiC 2 


Ccq Cl + c 7 4 + 8 


4x8 8 


Vi = 
V 2 = 


C 2 V 8 x 12 


Ct + C 2 4+8 

C X V 4x12 

C| + C 2 4 + 8 


= 8V, 


= 4 V 


1-1 , 

Energy in C\: U\ — -C\ V} — - x 4 x (8) 2 = 128 pJ 
1-1 - 

Energy in C 2 : £/ 2 = -C 2 V 2 2 = - x 8 x (4) 2 = 64 pJ 

Total energy: V = t/, + £/ 2 = 128 + 64 = 192 pJ 

We can find total energy by using equivalent capacitance. 
Equivalent capacitance will store the same amount of energy as 
stored by the combination on applying the same potential, i.e., 

u = ~C c<i V 2 = X - x | X (12) 2 = 192 juJ 

Capacitors Connected in Parallel 

Let n capacitors are connected in parallel as shown in Fig. 4.21. 
C*tq is the equivalent capacitance of this system. 




Let total charge q flows through the battery, then 
4 = <71 +42 + * “+0» 


=► c oq v = c,v + c 2 v + --- + c I v 

=4* C e q = C ] + C 2 + • * ■ + C n 

The equivalent capacitance of a parallel combination equals 
the sum of the individual capacitances. 

Note: 

• In a parallel combination , the equivalent capacitance 
is always greater than any individual capacitance . 

• In a parallel combination f the potential on each ca¬ 
pacitor is same but charge may be different From q 
= CV, greater the capacitance greater is the charge . 

• Charge is distributed on the capacitors in the ratio of 
their capacitances, Le.> 

q\ ' qi ■ ... '■ q>i “ C\ : Ci : ... : C„ 

Energy in Parallel Combination 

u= [ -c ) y 2 + ^c 2 v 2 + --- + ^c n v 2 
v 2 = ^(c, +c 2 + ... + c„)v 2 = ^c eq v 2 

Thus a single capacitor of capacitance C eq will store the same 
amount of energy as stored by Ci, C 2> ..., C„ when connected 
in parallel. 

Special Case of Two Capacitors in Parallel 



ev 'c, 



L= 


l (2 

Qi V 2 

Ii 


V 


Fig, 4.22 


Let two capacitors C\ and C 2 are connected in parallel and a 
potential difference V i$ applied across them as in Fig. 4.22. 
Then 

= Cf + Ci 


Ql+Q2 = Q 

v = gi = gi 
c, c 2 


(i) 

(ii) 


From (ii), ~ - £l (iii) 

Qi c 2 

It means charge will be divided in the direct ratio of the ca¬ 
pacitances. 


From (i) and (iii), Q\ 


CyQ = C 2 Q 
C, +C 2 ‘ Cl +c 2 


In the above discussion, take C\ ~ 4 pF, C 2 = 8 pF and 
V = 12 V 


C C q = C 1 + C^ = 4 + 8= 12 pF, 
g] = C| V =4 x 12 = 48 pC, 
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Q 2 = C 2 V = 8x12 = 96 pC 


Total charge that flows through the battery: 

Q = Q\ + (22 =48 + 96= 144 (jC 
Also: Q = C cq V = 12 x 12 = 144 pC, 


Qi = 
Q'i = 


C,Q 
Ci + c 2 
c 2 q 


4 x 144 
4 + 8 
8 x 144 


C] + C 2 4 + 8 


= 48 pC, 
= 96 pC 


Energy stored in C\: U\ = ]-Ci V 2 = 1 x 4 x 12 2 = 288 |iJ 

1 O 1 - 

Energy stored in C 2 \ U 2 — -C 2 V 2 = - x 8 x \2 2 


The RD. between points a and c = V a -V c = 4-1-8—12V 
The equivalent capacity in the portion (1) is 10 pF. 

The charge on it = (10 x 12) pC = 120 jjC 

The portions (1) and (2) of the circuit are in series 
combination. 

Hence, 12 x (V d - V a ) = 120 pC =» V d - V a = 10 V 
The capacitor 5 pF is also in series with 10 pF, see figure. 
Hence, charge on it is 120pC. 

120 

Thus, V c - V e = — = 24 V 

Now, we apply KVL to circuit in Fig. 4.25. Beginning at point 
d and traversing the circuit clockwise* we get 


= 576 pJ 

Total energy: U = U\ + U 2 = 288 + 576 = 864 pJ 
. Also: U = Iceq V 2 = 1 X 12 x (12) 2 = 864 pJ 

In the circuit shown in Fig. 4.23, the P.D. 
between the points a and b is 4 volt. Find the e.m.f. E of the 
battery. Assume that before connecting the battery in the 
circuit, alhthe capacitors were uncharged. 


-[(Vrf - Va)] + (Vc - Va) + (V e -V c )+E= 0 
E = (12 + 10 + 24) V = 46 V 

A capacitor is made of a flat plate of area 
A and a second plate having a stair-like structure as shown 
in Fig. 4.26. The area of each stair is A/3 and the height is d. 
Find capacitance of this arrangement. 

A/3 



Sot. The capacitors 12'/pF and 6 pF are in series arrangement. 
Tf& dharg t in eadfr wflflte' equal <?i=CV = 12x4pC 

... ' />*i. 6\ir 



~- 11 - 

^ 2L IL*I1 

. K'. 

‘‘:lopF- 

1 l * 1 1 

r 12 |iF 6 jjF 

4.5.pFz 

~30 (IF i 

5 jiF z 

= E 

... i V 


- Jl - 


" d +l 

Fig. 4.24 

- . > Av _ 

The P.D. across 6 pF capacitors = 


12x4 


V = 8 V 



y y 

I *2 pF, t _\ + | 

0 V / i i 5 pF 2<n 

1 ; iLJ 1 


A/3 


Fig. 4.26 

Sol. The arrangement is a parallel combination of three capac- 

A 

itors. Each capacitor has a plate area — and the separation be¬ 
tween the plates as d , 2d and 3d, respectively. 

£ 0 A/3 eoA s 0 A/3 s 0 A 

C i — - —-, Co ~ -= -and 

d 3d 2d 6 d 

£qA /3 £qA 

3 = ~d ~ = ~9d 

As these three capacitances are in parallel, their equivalent 
capacitance is given by 

^ _ £0 A £oA £qA 

C = Ci + C ; +Cj = — + — + — 


m r, i n „ i 
= M-[ ] + 2 + ir 


1 eoA 


18 d 

gggjgi Three capacitors of capacitances 3 pF, 
6 pF and 4 pF are connected as shown across a battery of 
e.m.f. 6 V. 
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1. Find equivalent capacitance. 

2. Find potential difference and charge on each capacitor 

3. Find energy stored in each capacitor and total energy 
stored in the system of capacitors. 

Sol. 

1. C\ and C 2 are in series, so their equivalent capacitance is: 

C,C 2 = 3x_6 

C,+ C 2 3 + 6 M 

This C ' will be in parallel with C 3 , so Ceq — C + C 3 
= 2 + 4 = 6pF 

2. 6 V will be divided across C\ and C 2 in the inverse ratio of 
the capacitances. So 

C 2 V 6 x 6 

p.d. across Cy : Vy = — ——— = ^ = 4 V, 


p.d. across C 2 \ = 


C\ + C 2 3 + 6 
CyV 3x6 


= 2 V 


C\ + C 2 3 + 6 
Because C 3 is connected directly across the battery with¬ 
out any other capacitor in between, so . 

p.d. across Cy. V 3 — V = 6 V. 

Charge on Cy q\ = C\ V\ - 3 x 4 = 12 pC, Charge on 
C 2 : $2 — C%V 2 = 6 x 2 = 12 pC 



Fig. 4.28 

We see that <71 — qi, and it should have been, because in 
series charge is same. 

Charge on Cy = C 3 V 3 = 4 x 6 = 24 pC 
Alternative method to find charge: We can find charge 
in this way also. 

Total charge that will flow through the battery: 

Q = C cq V = 6 x 6 = 36 pC 
It will be divided in direct ratio of C* and C 3 , so 


9i = 


C'0 


2 x 36 


C + C 3 2 + 4 


= 12 pC, 


4 x 36 


93 = 


C 3 Q _ 

C'-hC 3 2 + 4 

1 _ v2 . 1 


= 24(j C 


3. Energy in Ci: (A = ^Cj V 2 = j x 3 x 4 2 = 24 pJ 
1.1 0 

Energy in C 2 : U 2 — -C 2 V 2 2 = - x 6 x 2 2 = 12 pJ 

1,1 - 

Energy in C 3 : U 3 = -C 3 V 2 = - x 4 x 6 2 = 72 pJ 
Total energy: 1 / = t/, + U 2 + U 2 = 24 + 12 + 72 = 108 pJ 
Alternatively: U = ^C cq V 2 = 6 x 6 2 = 108 pJ 


Three capacitors of capacitances 4 pF, 
4 pF and 8 pF are connected as shown across a battery of 
c.m.f. 12 V. - 


2. Find potential difference and charge on each capacitor. 

3. Find energy stored in each capacitor and total energy 
stored in the system of capacitors. 



Sol. 

1 . C 2 and C 3 are in parallel, so their equivalent capacitance: 

C / = C 2 + C 3 =4 + 8=12pF 

This C } will be in series with C\> so net equivalent ca- 
C\C* 4x12 

paatan^ Cl , = = — = 3pF 

2 . <71 = Ceq V = 3 x 12 = 36 |jC. q\ will be divided into q 2 and 
< 73 . so 

C 2 q\ 4 x 36 ,_ 

<72 - _ = -—- - 12 jliC 


<73 = 


C 2 + C 3 4 + 8 

Cjqi 8 x 36 

C 2 + C 3 “ 4 + 8 


= 24 jjC 


Vi = ?7 = ? =9V - V2 = V3 = | = | = 3V 


V\ 


V 2 = V 3 

HI— 


C, = 4 nF 


C'= 12 pF 




v 12V 

Fig. 4.30 

Potentials can also be found like this: divide 12 V in 
inverse ratio of C\ and C*. 

CV 12 x 12 


V, = 


C,+C' 4+12 


= 9V, 


V 2 = = 


CyV 4 x 12 


C,+C' 4 + 12 


= 3 V 


3. Ui = -C|V, 2 = - x 4 x 9 2 = 162 juj 
2 1 2 

U 2 = \c2Vl = x 4 x 3 2 = 18 pJ, 

U 3 = lc 2 V j 2 = - x 8 x 3 2 = 36 jljJ 
2 2 

Total energy: = U\ + Uj + U 3 = 216 pJ 

l , 1 

2 C - V = 2 


Alternatively: U = -C cq V 2 = - x 3 x (12) = 216 pJ 


1 . Find equivalent capacitance. 
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KIRCH HOFF'S RULES FOR CAPACITORS 

Kirchhoff’s rules can be .used to determine the p.d. and charge 
on the plates of a capat?itdr in any electric circuit. It is being 
explained below tivith thi.help of an example. 


Fiijd but charges Qi and Qi on the.ca- 


pacitors C, and C 2 in tWcircuit shown in Fig. 4.31. 


c, 

■ — 11 

C 2 

11 

.11 

11 

i . 1 c 4 z 

- -L 

-Hh— 

—if— 


Ci 

>ig. 4.31 

Sol. Step I. Identify isolated regions (IRs), considering cells as 
continuous circuit elements and capacitances as discontinuous 
elements. 

Ah IR is a continuous region or group of circuit branches in 
which you can travel froftjtfny one point to any other point in that 
region. There are four Sltch regions in the given circuit, depicted 
by lines having different thickness, namely 

(1) C 2 and C u (2) C y > C\ and C 4 , (3) s 2 > C 4 and C 5) (4) 

C 2 , £\ and C 5 . 

Ci C 2 

= 1 . 


TT * 


C 5 

. Fig, 4,32 

Conservation of Charge: Electric charge will remain conserved 

i n every i sol ated. region. 

Step II. Allocate charges on various plates of each capacitor 

rationally on the basis v of following points; 

a. Please note that cells clo’mot supply any extra charge. They 
only cause chargejp flow from one point to another. 

b. The algebraic sutf of all the plate charges in each IR must be 
zero (conservation o:fcharge). 

c. The two plates ofeach capacitor must be shown to have equal 
and opposite charges. ; t : 

- . < 3 >’ V .© © CD 

m ^'Ch -Q\ +2i 




Pig. 4.33 

This is done in five steps depicted by 1 , 2 , 3, 4 and 5 in 
the given circuit (Fig. 4.33). 


Now, calculate and show p.d. across the plates of each 

Q 

capacitor, using the formula V = —. 

Note: Naturally, the plates having (+) charge will have 
positive potential and those with (—) charge will have neg¬ 
ative'potential ' ‘ 

The algebraic sum of potential changes in each closed loop 
must be zero, 

1, For determining a closed loop, consider each capacitor as 
well as cell as a continuous circuit element. Please note 
that capacitors were considered as discontinuous elements 
while identifying IRs in step 1. 

2, A closed loop is the path travelled by you to start from 
any point and reach the same point again. 

3, Sign convention is same as in the case of resistances. 


SIGN CONVENTION 


If you travel from (+)vely charged plate of a capacitor or terminal 
of a cell to (-)vely charged plate of a capacitor or terminal of a 
cell, then the sign of V or t is (-) and vice versa. 



Fig, 4.34 

Applying rule (2) in dosed loop ABCDA 
Q i + Q 2 


Q 1 ^ Q 1 

- 7T+£i - 7 ;- 

C 2 


= 0 


^ / 1 1 1 \ Q 2 

* Q '\ci + c-, + c-s) + c; =t ' 

Applying rule (2) in dosed loop.ADBFA 


Q, + u 2 Q 2 Qi 

— J * 2 + =± + ^-£2 = 0 

C 4 C 1 C 3 


— + Q 2 

c 4 * 


J_ J_ J_ 

L Cj + c 3 + c 4 _ 


= E 2 


(i) 


(ii) 


Now, you have got two equations (i) and (ii) and two unknown 
Qi and Q 2 to solve. This can be done easily. 

For the sake of simplicity, 

If C\ = C 2 = C} = C 4 = C$ = 1 pF and Q 2 = 0 (i.e., 
V 3 = 0), what should be the values of €\ and e 2 l The previ¬ 
ous two equations become 
30i = £\ and Q\ = e 2 => £\ = 3s 2 
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HIIWMM Consider the following circuit. Find out 
the charge and potential difference across capacitor Ci of 
capacitance 1 pF. 

1 jlF 2 jrF 4 V 


C, 

V 


= I|1F Ci~ 


Fig. 4.35 

Sol. Applying Kirchhoff’s rule to the closed loop ABFEA (Fig. 
4.36), we get 


Qi-Qi 


Gi 

Ci 


c 4 

Qi = 2 Q t 


Qt. - Qi _ <21 

1 x 10~ 6 I x 10" 6 


= 0 


(i) 


C i 

v 2 = 

•4 -fiij | + Q\ i 

l ~ Q1 \\ 

y. = Ql 

1 Cl 

C 4 I 

v _ Qi~Q\ 
v * c 4 

±(&-Gi) 

z (Qi-Q\) 


-Qi 


Pj- 


Ci 


B F C 

Fig. 4.36 

Applying Kirchhoff’s rule to closed loop ABCDA , we get 

. _ 2 i + 4 -^- 2 i =0 

C 3 C 2 C, 

” k +Q2 (k + k) =4 

J —)=4 

x io-v 


^ + 62 


( 


1 


2 x 1CM + 2 


1 x 10- 6 

> Qi + Q 2 = 4xI0- 6 

From equation (i) and (ii), we get 
Q\ = “fjC and Vi = ^ V 


00 


In the circuit shown in fig. 4.37> find the 


charge on each capacitor. 

6 pF 


3 pF 


-H- 

3pF 

_1 1_ 

-1 1- 

Z3pF 

6 jaF 

_l 1_ 

11 D 11 

_1 1 _ 


E= )0V 

Fig. 4.37 


Sol. Let total charge q flows through the battery, which gets 
divided at point A in q\ and q 2 . The final charge on each capacitor 
is as shown in Fig. 4.38. Applying KVL in the loop (l), traversing 
clockwise, 


6 uF 

+ 11 - B 


91 


3 p,F 
4i -p 


(D ?3Z=3pF (D 


3pF 
+ 1 i- 


6\i? 
+1 1 — 


<h ( 3 ) 


E = 10V . . 

Fig. 4.38 

<71 <73 , qi f. _ n , 't n 

—=0 or -Cji -2qi + 2qi = 0 


(0 


For loop (2), traversing clockwise, We have 


qi + <?3 93 _ 0 

6 3 


=> -2<7 i + 5qj + <72 = 0 

For loop AflC£A, traversing clockwise, we have 

_qi_ (< 7 i - ga) 

6 3 


(ii) 


■+■ 10 = 0 


3^i - 2 qj = 60 (iii) 


Solving equations (i), (ii) and (iii), we get 

q\ = 24 pC, qi = 18 pC ,<?3 = 6 pC. 


Determine the equivalent capacitance 
between a and b. Each of the capacitor shown in Fig. 4.39 
has capacity C. 

<7i 



Fig. 4.39 ...... ' : 

4 . . ' 

Sol. Method 1. Let the potential difference" applied across the 
terminals a and b be V and the charge supplied'to the circuit 
due to this is Q. Now, equivalent capacitance of the system is 
the capacitance of that single capacitor which would have the 
same charge Q on its plates when the battefy.of same voltage V 
is applied across it. Hence, > ■■■ 

— y (0 

where, from conservation of charge, we mpst have 

Q = q\ + <72 + = q* + qs + <76 (ii) 

=» q\+q% = q$ + q6 (iii) 

<74 

and V = —. In a closed loop, the net potential drop must be 

L 
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7i 


1 

i 

i 

vi 

1 

L±l 

-s 1 - 

1 Q> 

vt ! <73 

L_j<D ±L ±L 

vfl 

p 74 © -J 


Fig. 4.40 


zero, from KVL. Therefore, for loop 1, loop 2 and loop 3, we 
have (traversing anticlockwise) 

Si _Sl ^ Si _ o 

C C C ~ 


Sl^Sl + ?l = 0 
c c c 


and 


Si 

C 


c c 


(iv) 


The conductor that connects the second, third and fifth capac¬ 
itors is electrically neutral. Hence, 

- ■ 43 + qs - 42 = o (v) 

Similarly, for first, third and sixth capacitors . 

4i + 43 = 46 (vi) 

Upon solving the equations (iii), (iv), (v) and (vi), we obtain 
<74 

4 i = 42 = 45 = 46 = y, and 43 = 0 

Now, C«, = ^ = 4H^ + 44 
' ^ V 44/C 

Method 2. Make the connection of point a to b (we can do this 
because' a and b are at same potential) and note the indicated 
Wheatstone’s bridge. Third capacitor will be useless. Now, sim¬ 
plify the circuit to obtain the desired result. 

Balanced 

Wheatstone’s bridge 


Connect 



Fig. 4.41 


DIELECTRIC 

These are non-conductors upto a certain value of field depending 
upon their nature. If the field exceeds the limiting value, called 
dielectric strength, dielectric loses its insulating property and 
begins to conduct. 

Dielectric Constant 

When a dielectric material is placed between the plates of a 
capacitor, the capacitance of the capacitor increases. The ratio 


of the capacitance of a given capacitor with the material filling 
the entire space between its plates to the capacitance of the same 
capacitor in vacuum is called dielectric constant of that material. 

C 

Dielectric constant K = — 

Co 

Dielectric in an Electric Field 

Suppose a slab of dielectric material is placed in a uniform elec¬ 
tric field Eq set up between the parallel plates of a charged 
capacitor. The slab becomes electrically polarized. That is, its 
molecules become electric dipoles oriented in the direction of 
the field. The net effect is the appearance of negative charge on 
one Face of the slab and an equal positive charge on the opposite 
face. The net charge in the interior of the slab remains zero. The 
polarization charges induced on the two faces of the slab pro¬ 
duce their own electric field £q, which opposes the external field 
Eq. Hence, the resultant field E within the dielectric is smaller 
than £q, but points in the same direction as 


+ 


£0 





Fig. 4.42 

The field in the rest of the (free) space is still Eq. Hence, we 
conclude that when a dielectric is placed in an electric field, 
the field ‘within’ the dielectric is weakened (but not reduced to 
zero). 

The weakening of electric field within the dielectric is illus¬ 
trated in Fig. 4.43. Here, the dielectric fully fills the space be¬ 
tween the plates. The figure (a) shows the original field. In other 
figures, some of the lines of force leaving the positive plate of 
the capacitor penetrate the dielectric; others terminate on the 
charges induced on the dielectric. 

The reduction in the magnitude of the electric field from £o 
to E causes a reduction in the potential difference between the 
plates of the capacitor. If Vo and V be the potential difference 
with and without the plates, then we have 


£0 = . Vo 
£ V 


{v £ = Vfd) 


But — = — = K. where £is the dielectric constant of the 
V C 0 

£ 0 £0 

slab. So, —^ 

E K 

Thus, the electric field within the dielectric is reduced by a 
factor K. 


Induced Charge on the Surface of Dielectric 

Let K = dielectric constant, 

£0 = original field in vacuum if dielectric slab was not there, 
£/ = electric field induced in the dielectric slab, 
































(a) Electric field of magnitude (b) Introduction of a dielectric 

Eq between two charged 1 constant/T. 

plates. 



(c) The induced surface charges (d) Resultant field of magnitude 

and their field (thinner lines), Eq/K when a dielectric is 

between charged plates. 


Fig, 4.43 
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* 





(a) Polar molecules (b) Polar molecules 

no applied electric field with applied electric fjeld 

(a) Polar molecules have random orientations when there is 
no applied electric field. 

(b) The molecules tend to line up with an applied electric 
field E. 


* 




(a) Nonpolar molecules (b) Nonpolar molecules 

no applied electric field with applied electric field 

(a) Nonpolar molecules have their posilive and negative charge 
centers at the same point, 

(b) These centres becomes separated slightly by an applied 
electric fields. 


Fig. 4.44 



Fig. 4.45 


E = net electric field in the dielectric slab. 

E = E 0 - E t (i) 

£ 0 En 

and — = K (by definition of K of e r ) or E = — (ii) 

E K 


Eo 

From (i) and (ii), £o — £/ = — 

A 

=*• EqK - EjK = E 0 => E 0 K -E 0 = E t K 
=¥ E, - ^-^E 0 


07 
£ 0 

< 7 / - 


K 

K -la 

K io 

K - I 


(lii) 


K 

Qa_ = K-I Q 
A K A 


-K) 


(iv) 


This is irrespective of the thickness of the dielectric slab, i,e.', 
whether it fills up the entire space between the charged plates or * -' 
only part of it. / ' ; 

Dielectric Breakdown 

If a dielectric material is subjected to a sufficiently strong elec¬ 
tric field, dielectric breakdown takes place and the dielectric be¬ 
comes a conductor (a partial ionization tl$t permits conduction : 
through it). This occurs when the electric field is so strong that , 
electrons are ripped loose from their molecules and crash jn{oV 
other molecules, liberating even more electrons. Thi$ avalanche, 
of moving charge, forming a spark or aradischarge, often starts. '■. 
quite suddenly. ’ 

Because of dielectric breakdown, capacitors always 
maximum voltage ratings. When a capacitor is subjected taex-... 
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cessive voltage, an arc may form through a layer of dielectric, 
burning or melting a hole in it. This arc creates a conducting 
path (a short circuit) between the conductors. If a conducting 
path remains after the arc is extinguished, the device is rendered 
permanently useless and cannot be used as a capacitor. 

The maximum electric field that a material can withstand 
without the occurrence of breakdown is called its dielectric 
strength , 


Capacity of Parallel Plate Capacitor with Dielectric 

Let a parallel plate capacitor has a plate area A and a separation d 
and a dielectric slab of thickness t and area A is inserted between 
the plates. 
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Fig. 4.46 

Let Q be the charge given to the capacitor plates. The electric 
field between the plates of the capacitor is given by 

£= '=-2- 
£o Ae 0 

The electric field in the region of dielectric slab is 

' r - l Q 

K Ke 0 A 

We know that if the electric field is constant then potential 
difference between two points separated by distance d along the 
field line is Ed, 

The potential difference between two plates is, therefore 
V = V] + V% + V 3 = Et\ 4- E*t 2 4- Et$ 


= ~^7h + 

KeqA 


Q , , Q , 

h H-jfj 

£qA 


Q 


Q Q Q 

= — -~(t\ + h) + t ;—-h — — j(d - 0 + „ , - 

£0 A KeoA £qA KeqA 


The capacity C = 


V+ - V- 


id-i) l 
+ 


£qA K£qA 


C = 


£04 




Note: 

• The capacitance in the above situation is independent 
ofposition of dielectric slab with respect to the plates . 
The capacitance depends on the thickness of the di¬ 
electric slab and dielectric constant 

• The dielectric constant of conducting slab (metal 
plate) is infinity ( 00 ), therefore term t/K reduces to 
zero . If we insert a metal plate of thickness t between 
the plates of capacitor having area A and separation 

d y the capacitance will become C = . Also, the 

d t 

capacitance will be independent of position of metal 
plate between the plates of the capacitor: 

^0 A 

• If t « dy then C = ——. Hencey if we place a thin 

d 

metal plate parallel to the plates of a capacitor the 
capacitance of the capacitor remains unchanged . 

If we place many dielectric slabs parallel to the plates of a 
capacitor as shown in Fig. 4.47, then capacitance is given by 


C = 


£0 A 


d-(t\+t 2 + 


■> + 'i + s + 


k\ h k } 


h h 


Fig. 4.47 

If we introduce a number of dielectric slabs which completely 
fi 11 the space between the plates, i.e.,d = t\ 4 - t 2 4 - h + ■ ■ ■ 4 - 
then the capacity of the capacitor will be 


C ~ 


£qA 


( t , + '£ + ■) 


HIWBIWMMH A parallel plate capacitor with plates of 
area A and plate separation d, is partially filled with a dielec¬ 
tric slab of constant K f as shown in Fig. 4.48. The thickness of 
the dielectric slab is d/4. What is the equivalent capacitance 
of this arrangement? 

Sol. (a) If we introduce a thin metal plate between the plates of 
the capacitor and parallel to it (figure b), the capacitance of the 
system will remain unchanged. The given capacitor arrangement 
is equivalent to the series combination of the two capacitors as 
shown in figure (c) because the electric potential is the same at 
all points on the.lower surface of the dielectric. All the points on 
the surface of a conductor are equipotential, therefore all points 
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on (he 1-shaped conductor connecting the two capacitors are 
equipotential. Thus, we can divide the entire region of capacitors 
in two parts. The capacitance of the two part capacitors are 


Ci 


¥h 


2 _d 

4 


r 




m 

(a) 


(b) 

Fig. 4.48 


III 

(c) 


„ AK *o „ 

C i = — and C 2 = 


Asq 

(3d/4) 


d/4 ■ 

_ , . 11 1 d/4 3d/4 

Equivalent capacity, — = — + ■— = ——-1—-— 

C2 AKbq As 0 




r — 
.— 


4 BqA 


V3AT + 1 / . 


Alternative method: We can use direct formula; 
„ _ £ oA 

Ceq - t 

d. — l A - 

K 

Here, t = —. Thus, from (i) 

4 

£qA £qA 


(0 


Cw| J d. d 4 

d -+ — 

4 K 


M _d_\ 
4 + 4KJ 


4sqA 

d 


\3K + l) 


FORCE ON DIELECTRIC SLAB AT CONSTANT 
POTENTIAL DIFFERENCE 


When a dielectric slab is placed near a charged capacitor, due 
to fringing effect the slab experiences a net force towards inside 
the capacitor. 



l q 


piiniRinil 




% 


Fig. 4.49 


We will find the force on a dielectric under two conditions; 
(i) in first case, when the battery remains connected and (ii) in 
second case, after the battery is disconnected* 

(i) When battery remains connected: Here, Vremains con¬ 
stant. 

Let us consider a parallel plate capacitor with plates of width b 
and length l. The distance between the plates is d. The capacitor 



The fringing field ai the edges of 
the capacitor exerts forces F-\ 
and F+\ on the negative and 
positive induced surface charges 
of a dielectric* pulling lhc 
dielectric into the capacitor. 


Fig. 4.50 


is connected to a battery of e.m.f. V. Let a dielectric is inserted 
up to distance x , then 

sob(l — x) Ke 0 bx 

<_i =---; <-2 — —-— 




U = l -CV 2 = [/ + x(K - 1)] V 2 

2 2 d 

dU 1 £ 0 bV 2 

Force on dielectric: \F\ = -— = -—-— (K - 1) 

dx 2 d 

(ii) When battery is disconnected after charging the capaci¬ 
tor: Here, q remains constant. 



] q 1 1 q 2 d 

2 ~C ~ 2e 0 [l + x(K - 1)1 b 
dU q 2 d (K - l)(-l) 
dx ~ 2t a b [l +x(K - 1)1 2 






















































































































4,18 Physics for IIT-JEE: Electricity and Magnetism 


.\ Force on dielectric: 


q 2 d{K - 1) 

2e 0 b[l + x(K - l)] 2 


Effect of Dielectric on Different Parameters 

Let the entire space between the plates of 8 capacitor is filled 
with a dielectric of dielectric constant K under two conditions: 
(a) in first case, when the battery remains connected and (b) in 
$ second case, after the battery is disconnected. 

(a) When battery remains connected (see Fig. 4.53): In this 
case potential difference across the plates will remain same, i.e., 
V — V 0 , as battery is a source of constant potential difference. 



+ qo 



Extra charge 

1 flow =</o (K- [) 

U 0 Co _ 

p" v* u 

KC 0 — 1 

Va 


~<IQ 


~q 



Fig. 4.53 


• Capacitance increases* i.e., C = KCq, as capacitance de¬ 
pends upon geometrical factors only. 

• Charge on capacitor: g = CV - KCqVq = Kqo 

(v initially q 0 = C 0 V 0 ) 
Thus, charge increases and becomes K limes of previous 
charge. 

• Electric field: 


E = 


- Vo -F 
~~d~ Co 


V 0 

as V = Vo and — = Eq 
a 


Thus, electric field remains same. 


e Energy stored in the capacitor: 

u = '-cv 2 = i(KCo)(V 0 ) 2 = K^CoV* = KUo 

Jas C = KC 0 and £/„ = ^C 0 V 2 0 J 

Thus, energy increases and becomes K times of previous 
energy. 


Note: On insertion of dielectric, an extra charge of 
q-qo — qo(K-l) will flow in the circuit through the battery 
from the negative plate to the positive plate of the capacitor 

(b) When battery is disconnected (see Fig. 4,54): In this case, 
charge on the plates will remain same, i.e., q — <7o» as in an 
isolated system charge is conserved. 



,h </£> 


+ 9 

L 

Uo Coi 

[ Eg 

P'o U 

^- 

B 

jL 



-<7o 


-q 








• Capacitance increases, i.e., C = KCq, as capacitance de¬ 
pends upon geometrical factors only. 

• Potential difference between the plates: 

Vo . 

K' 


V = § = 


Qo 


KC 0 


So, the potential difference decreases. 

• Field between the plates: 

n V V 0 Eq V 0 . _ Vo 

£ = 7 = m = ¥ [«>' = T >»d£<, = 7 

So, field decreases. 

• Energy stored in the capacitor: 

~ 2 - 2 Uq 


?0 


u 2 C 2KC 0 


= — {as q - qo and C = K C 0 } 
K 


So, energy decreases. 


SPHERICAL CAPACITOR 

It consists of two concentric spherical conducing shells of radii 
a and b> say b > .a (Fig. 4.55). The outer shell is earthed. Place 
a charge +Q on the inner shell. It will reside on the outer surface 
of the shell. A charge -Q will be induced on inner surface of 
outer shell. A charge will flow from outer shell to earth. 



Consider a Gaussian spherical surface of radius r such that 
a < r < b. 

From Gauss’s Law, electric field at distance r > rns 

Q 


E = 


4rc£or 


Potential difference: 

b 


V b - V, 
Since V/, - 0 
=► V, 


i—/».*—/ 


4jr£or 


dr 


v " = f 


V, 


4jt sor 2 
Q 


dr 


4nso 


«-a- 


.-. Capacitance: C = 


Q 


Q(b - a) 

47TEoab 
Q 4neoab 


V« - V, 


Fig. 4.54 


b — a 


















































Capacitor and Capacitance 4.19 


CYLINDRICAL CAPACITOR 


Concept Application Exercise 4.2 


It consists of two coaxial cylinders of radii a and b y say b > a 
(Fig. 4.56). The outer one is earthed. The cylinders are long 
enough so that we can neglect fringing of electric field at the 
ends. Electric field at a point between the cylinders will be radial 
and its magnitude will depend on the distance from the central 
axis. Consider a Gaussian surface of length y and radius r such 
that a < r < b. Flux through the plane surface is zero because 
electric field and area vector are perpendicular to each other. 



A long cylindrical capacitor. The linear charge density A is 
assumed to be positive in this figure. The magnitude of 
charge in a length L of either cylinder is AL 


Fig. 4.56 

For curved part, 4 > — J E • els = J Eds 
> 4> = E J ds = E ■ 2 itry 

Qy 

Charge inside the Gaussiaq surface, q — — 

Qy Q 

From Gauss's Law, <p — Elnry = - E ~- 

Lcq 'hze^Lr 


Total charge + q Total charge - q 



Across section ofalong 
cylindrical capacitor, 
showing a cylindrical 
Gaussian surface of 
radius r (that encloses 
the positive plate). This 
figure also serves to 
illustrate a spherical 
capacitor in a cross 
section through its 
center 


Fig. 4.57 

Potential difference: 




^ „_e_ 

—r v a ^ - r 

2tt^o^ 
Capacitance: C = 


Q 

- V b 


(since V b - 0) 
Q IneoL 



1. A conductor is an extreme case of dielectric, since if an 
electric field is applied to a conductor, charges are free to 
move within the conductor to set up “induced charges”. 
What is the dielectric constant of a perfect conductor? Is it 
K ~ 0, K -¥ oo or something in between? Explain your 
reasoning. 

2. A capacitor of capacitance C is charged to a potential dif¬ 
ference Vo* The terminals of the charged capacitor are then 
connected to those of an uncharged capacitor of capaci¬ 
tance C/2. Compute 

a. the original charge of the system; 

b. the final potential difference across each capacitor; 

c. the final energy of the system; 

d. the decrease in energy when the capacitors arc con¬ 
nected. 

e. where did the “lost” energy go? 

3. A parallel plate vacuum capacitor with plate area A and 
separation a: has charges + 0 and — Q on its plates. The 
capacitor is disconnected from the source of charge, so the 
charge on each plate remains fixed. 

a. What is the total energy stored in the capacitor? 

b. The plates are pulled apart an additional distance dx . 
What is the change in the stored energy? 

c. If F is the force with which the plates attract each other, 
then the 'change in the stored energy must equal the 
workdW = F dx done in pulling the plates apart. Find 
an expression for F . 

d» Explain why F is not equal to QE , where E is the 
electric field between the plates? 

4. You have two identical capacitors and an external potential 
source. 

a. Compare the total energy stored in the capacitors when 
they are connected to the applied potential in series and 
in parallel. 

b. Compare the maximum amount of charge stored in each 
case. 

c. Energy storage in a capacitor can be limited by the 
maximum electric field between the plates. What is the 
ratio of the electric field for the series and parallel com¬ 
binations ? 

5. A circuit has a section AD shown in fig. 4.58. 


40—I h-'I-II- 08 

C, = 1mF 10 v C 2 = 2 uF 

Fig. 4.58 

The e.m.f. of the cell is 10 V and the capacitors have 
capacitances C\ = l jjF and C 2 = 2 pF. The potential 
difference V A n = 5 V. Find the charges on the capacitors. 

6. A dielectric slab is inserted at one end of a charged parallel 
plate capacitor (the plates being horizontal and the charg¬ 
ing battery having been disconnected) and then released. 
Describe what happens. Neglect friction. 
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7. While a capacitor remains connected to a battery, a di- 
electic slab is slipped between the plates- Describe qualita¬ 
tively what happens to the charge, the capacitance, the po¬ 
tential difference, the electric field strength and the stored 
energy. Is work required to insert the slab? 

8. If you have several 2.0 pF capacitors, each capable of 
with-standing 200 V without breakdown, how would you 
assemble a combination which has an equivalent capaci¬ 
tance of 

a. 0.4 pF, and 

b. 1.2 pF, each withstanding 1000 V? 

9. N identical capacitors are connected in parallel and then 
a potential difference of V is applied to them. Find the 
potential difference when these capacitors are reconnected 
in series, their charges being left undisturbed? 

10. In the arrangement shown in Fig. 4.59, plate B is given a 

d\ 

charge equal to 60 pC. The ratio — = 2. Then 

di 

ABC 



91 = - 

92 “ 

93 = 


94 = ■ 

95 =. 

96 =■ 


11. In Fig. 4.60, the plate A has 100 pC charge, while the 
plate B has 60 pC charge. 


Hi 


Ha 


X r 

t/S\ J $2 


Fig. 4.60 

a. When both switches are open, then 


9i =--— 92=- 

93 =- 94 =- 

b. When only switch Si is closed, then 

91 =- 

92 =-— 


93 =- 

94 =- 

c. When switch S 2 is also closed, then 

91 =- 

92 =- 


93 = 

94 = 


12. For the network of capacitors shown in Fig. 4.61. 

a. Find the potential of junction B , 
b« Find the potential of junction D , 
c, Find the charge on each 2 p F capacitor. 



6 pF. 3 jjlF 


10V 

Fig. 4.61 

13. In Fig- 4.62, the system is in steady state. Find 

100 V 



a. V A - V B =. 

b. V B - V c ^ . 

c. V D - V £ =. ... 

d. The energy stored in the circuit =. 

14. State the following statement as true or false. 

a. If a battery is connected across a circuit consisting of 
two identical capacitors and it is found that, in steady 
state, the two capacitors have equal charge, then the 
two capacitors must be in series with each other. 

b. If a battery is connected across a circuit consisting of 
two capacitors having different capacitances and it is 
found that, in steady state, the two capacitors have equal 
charge, then the two capacitors must be in series with 
each other. 

c. If a battery is connected across a circuit consisting of 
two identical capacitors and it is found that, in steady 
state, the two capacitors have equal charge, then the 
two capacitors may be in series with each other. 

15. Find equivalent capacitance between points A and B 

shown in Fig. 4,63. 





n i| 1 1 * 

* 1 1 

c 
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Fig. 4.63 
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Solved Examples 


Example 4.1 


Fig. 4.64 shows two identical parallel 
plate capacitors connected to a battery with the switch S 
closed. The switch Is now opened and the free space between 
the plates of the capacitors is filled with a dielectric of di¬ 
electric constant (or relative permittivity). Find the ratio of 
the total electrostatic energy stored in both capacitors before 
and after the introduction of the dielectric. (IIT-JEE, 1983) 


, V JC, dz 


Fig. 4.64 

Sol. Initially, when the switch is closed, both the capacitors A 
and B are in parallel and the energy stored in the capacitors is, 

therefore, £// = 2 x ^CV 2 = CV 2 (i) 

When switch S is opened, B gets disconnected from the bat¬ 
tery. The capacitor B is now isolated, the charge on an isolated 
capacitor remains constant, often referred to as bound charge. 
On the other hand, A remains connected to battery. Hence, po¬ 
tential V remains constant on it. 

When the capacitors are filled with dielectric, their capaci¬ 
tance increases to kC. 

1 Q 2 

Therefore, energy stored in B changes to , where 
Q — C V is the charge on B which remains constant, and energy 
stored in A changes to ^ kCV 2 , where V is the potential on A 

which remains constant. Thus, finally, the total energy stored in 
the capacitors is, 

U, 2k 


2 - KC 2 
From (i) and (ii), we find = 


(H) 


U f k 2 + \ 

Ui 3 

It is given that k = 3. Therefore, we have — = - 

1 Uf 5 


Example 4.2 


Two parallel plate capacitors of capac¬ 
itance C are connected in series with a battery of e.m,F. s, 
Then, one of the capacitors is filled with a dielectric of di¬ 
electric constant fa ' 

1. Find the change in electric field in..the two capacitors, if 

any. : * 

2. What amount of charge flows through the battery ? 

3. Find the change in energy stored in the circuit, if any. 
Sol. 

1. Two capacitors A and B initially have same charge Q and 
potential V = Q/C, The electric field between the capacitor 
plates is given by E = V/d. Since the two capacitors are 
connected in series with the battery, the sum of potentials 
across the capacitors must be equal to e , 


B 

Hh 


£ 


i.e., 


Fig. 4.65 


20 

e = 2V=-£ 


0) 


2. When one of the capacitors, say A, if filled with a dielec¬ 
tric, the capacity of A increases to C' = kC while that of B 
remains unchanged, i.e., C. 

Suppose, now charge on the capacitors becomes Q' and po¬ 
tentials across A and B are V A and V' u , respectively, with 
V^ + V>= 6 . 

0 0 Q 

Hence, we have v;.= — = ^ and V' n = — 


Hence. „=! (l +1) 
From (i) and (ii), wc get Q' = 


2k 

1 +k 


Q 


l +k 


(ii) 


V and 


Since k > 1, therefore Q' > Q. Also, V A = 

V" = ^ 1/ 

^ 1 + k 

Thus, the electric field (or potential difference) in capacitor 
A decreases by a factor of [ -—- ] while that in B increases 

\]+kJ 

/ 2k \ 

by a factor of -—- . 

Vl +kj 

The amount of charge that flows into the circuit is given by 

2k \ k- 1 ^ 


A Q 




-i )Q = 


k+ 1 


\k - 1 
2 k+ 1 


Ce 


Initially, the energy is given by Ui = 2 x -CV 2 = CV 2 
Final energy is, , 

Uf = [c'v2 + \cv- 2 

. 

G ct ’)-T 


_4 k_ 

1 H- k 


2k 
4- k 


Example 4.3, 


Five identical conducting plates 1, 2, 3, 
4 and 5 are fixed parallel and equidistant from each other 
as shown in Fig. 4.66. Plates 2 and 5 are connected by a 
conductor while 1 and 3 are joined by another conductor. 
The^unction of 1 and 3 and the plate 4 are connected to a 
source of constant e.m.f. Vo. Find 

I. the effective capacity of the system between the terminals 
of the source, 
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2. the charges on plates 3 and 5. 

Given d - distance between any two successive plates and 
A = area of either face of each plate. 



Fig. 4.66 


Sol. 

1. The equivalent circuit is shown in Fig. 4.67, The system con¬ 
sists of four capacitors, i.e., C\i, Cyi , C 34 and C 54 , The ca¬ 
pacity of each capacitor is (Ke^A/d) = Co> 

The capacitors Cn and Cyi are in parallel, capacity 
is Co + Co — 2Co- The capacitor C 54 is in series with the 
parallel combination of Cn and C 32 * Hence, the resultant 

■ mi Co x 2Co 

capacity will be C\ = —--— 

Co + 2 Cq 


; 

I ' -r 

i 

i 

i 

i 

► 11 

i 

i 

i 

i 

i 

t 

(Qll}) 3, ,2 

i 

1 5 4 
i r 

Q' 

(+) 

- II 

Q» . 

^ i i 

i 11 

j 





Fig. 4.67 

Further, C 34 is again in parallel with the combination of 
Ci 2 . C 32 , C 54 . Hence, the effective capacity 


C e ff. “ Cq + 


Cp x 2 C 0 _ 5 5 A 

Cq -f 2 Cq 3 C °- 3 K€ °d 


2. Charge on the plate 5 = charge on the upper half of parallel 

... f2 \ 2KeoAV 0 

combination, Q s = V 0 L-Coj = - --- 

Charge on plated on the surface facing 4 
v - KsqAVo 

a 

Charge on plate 3 on the surface facing 2 

= [potential difference across (3 - 2 )] C 0 

_ v Co AV 0 


Net charge on plate 3: 

Ke b AV 0 , ^ A Vo KeoAVof, , 1 "| 

1 = —+ Ke °lj = —j— [' + 3 J 

4 A 

= 3*^0 


Two capacitors of capacity 3.00 pF and 
2.00 (uF are separately charged with a 24.0 V battery. After 
they are fully charged, they are connected as shown in Fig. 
4.68 (a) and (b). 

In each of the two arrangements, find the energy stored 
on each capacitor (a) before switch S is closed and (b) after 
switch S is closed. 


C, - 3.00 pF 


s 

(a) 



C^ = 2.00 |iF 



+ + +- -b + + + + + + - 

+ + 4 

+ + 



_ 



S 

<b) 


Fig. 4.68 


Sol. a. When the switch S is open, the charges on the uncon¬ 
nected plates are bound, they have no place to go. Charges cannot 
move in open wires, a closed circuit is a must. The charges on the 
connected plates are held in place due to Coulomb attraction of 
bound charges on the unconnected plates, which prevents them 
from combining. 

Each capacitor retains its charges and the potential difference 
it had when originally connected to the battery. Initially, energy 
stored in the capacitors, 

U] = -C|(A V) 2 = 1(3.00 x 10" 6 )(24.0) 2 = 8.64 x 10 -4 J 

U 2 = ^C 2 (AV) 2 = 1(2.00 x 10" 6 )(24.0) 2 = 5.76 x 10“ 4 J 

The total energy of this system of capacitors is 
U = U\ +U 2 - 1.44 x 10 -3 J 

b. When the switch is closed, the charges can combine such that 
net charge is conserved. The magnitude of initial charge on each 
capacitor is 

<2f = C| AV = (3.00 x 10 _6 )(24) = 72 x 10~ 6 C = 72 pC 
Qi = C 2 A V = (2 x 10~ 6 )(24) = 48 x 10 -6 C = 48 pC 


Case (i) The positive plate of Ci is connected to negative plate 
of Ci, therefore net charge on both top plates is (Q\ - Qi) and 
on the lower plates is — (gi — Qi)- 

fine = fii - Qi = (72 - 48) x 10- 6 = 24 x 10~ 6 C 


= 24 pC (i) 

Case (ii): The positive plate of C) is connected to positive plate 
of Ci, therefore net charge on both top plates is (Q\ + Qi) and 
on the lower plates is —(Q\ H- Qi). 

fine = fii + Qi = (72 + 48) x 10~ 6 C = 120 pC (ii) 

After the switch is closed, the two capacitors are in parallel. 

Consequently, potential differences across the two capacitors are 
equal: 

. Q\ _ Qi rr , 

c, " c 2 (ll) 

On solving equations (i) and (iii), we obtain final charges on 
the two capacitors in Case (i) 

Q\ = 14.4 pC and Q' 2 = 9.60 pC 

The potential difference across each capacitor is now 
Q'i 


C i Ci 


14.4 9.60 

—- = = 4.80 V 

3.0 . 2 


Final energy on the two capacitors,. 

(14.4 x 10 “ 6 ) 2 
2C\ ~ 2(3 x 10- 6 ) 


O a 

V\= -fe- = 


= 3:4&* 10‘ 5 'J 
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(2? (9.60 x I0“ 6 ) 2 , 

and U 2 = = i———f- = 2.30 x 1CT S J 

2 2C 2 2(2 x 10 -6 ) 

The total energy is now 


U'=Ul+U 2 = 5.76 x 10 -5 J 

The energy of the system has decreased. Work was required to 
transfer charges between the plates when switch S was closed. 
This work was supplied by the electric field. 

A U = U' lal - U t ot. = -1.38 x I0" 3 J 


Same charge as initial value. 

Final energy on the two capacitors, 


r/ = Gf = (72 x IQ' 6 ) 2 
1 2 C\ 2(3 x 10~ 6 ) 


= 86.4 x 10“ 5 J 


-d 21 ^ = 57.6* 

2 2 C 2 2(2 x 10“ 6 ) 

Total final energy is now U l = U[ + U* 2 = 1.44 x 10" 3 J 


^ w0 P flra ^ pl^te capacitors A ajid B 

have the same separation d = 8.85 x 10~ 4 m between the 
plates. The plate area of A and B are 0.04 m 1 and 0.02 m 2 
respectively. A slab of dielectric constant (relative permit¬ 
tivity) K = 9 has dimensions such that it can exactly fill the 
space between the plates of capacitor B. 



Hi- i - 

MOV 

(a) (b) (c) 


Fig. 4.69 


1. The dielectric slab is placed inside A as shown in figure 
(a). A is then charged to a potential difference of 110 V. 
Calculate the capacitance of A and the energy stored in 
it. 

2. The battery is disconnected and then the dielectric slab 
is removed from A. Find the work done by the external 
agency in removing the slab from A. 

3. The same dielectric slab is now placed inside £, filling 

it completely. The two capacitors A and B are then con¬ 
nected as shown in figure (c). Calculate the energy stored 
in the system. (IIT-JEE, 1993) 


Sol. L The capacitor A with dielectric can be considered as two 
capacitors in parallel, one having dielectric state and the other 

A 

having no dielectric state. Such capacitor has an area of y. The 
combined capacitance is 


MOV 


~lT w 


Fig. 4.70 


^ ^ (<V 2 )£o , ( A/2)e 0 e r Ae 0ri , 

C = C, + C! =^— + —d -27 I1 + , ' ) 


0.04 x 8.85 x I0" 12 
2 x 8.85 x 10' 4 


[1 + 9] — 2 x 10 _9 F 


Energy stored = ^CV 2 = ^ x 2 x 10 9 x (HO) 2 
= 1.21 x 10“ 5 J 

2. Work done in removing the dielectric state = (Energy stored in 
capacitor without dielectric) - (Energy stored in capacitor with 
dielectric). 

It may be noted that while taking out the dielectric the charge 
on the capacitor plate remains the same* 

„2 *2 


W = 


Here, C = 2 x 10“ 9 F, C } ~ H = 


<r T 
20 2C 

Afi 0 0.04 x 8.85 x I0” 12 


8.85 x 10- 4 


= 0.4 x 10~ 9 F 

q = CV “2 x )(T 9 x HO = 2.2 x 10~ 7 C 


W = 


(2.2 x !0" 7 ) 2 


1 


1 


0.4 x 10 -9 2 x 10" 9 


= 4.84 x JO” 5 J 

ie capacitance of B ~ —- 

a 

Cl) = 1.8 x 10“ 9 F 

ie charge on A, q A = 2.2 x I0 _7 C, gets distributed into 
parts. 

q\ + qi = 2.2 x 10“ 7 C 

Iso, the potential difference across A = p.d. across B 
i <72 C A 0.4 x 10" 9 

I = T, * = cl* = 1.8x10- => ®= 0 - 22 ® 

22 ^ +<72 = 2.2 x 10“ 7 

q 2 = 22 x 10 -7 = 1.8 x 10 -7 C and 

1.22 

q\ — 0.4 X 10“ 7 C 


= 0.2 x 10 -5 + 0.9 x 10“ 5 = I. I x i0" 5 J 

Alternatively, the combined capacitance of the two capacitors 
can be found. The total charge on the two capacitors is known. 

Q 2 

The energy can be found using the formula . 

2 Ccq 

Two capacitors A and B with capacities 
3 and 2 juF are charged to a potential difference of 100 and 
180 V, respectively. The plates of the capacitors are connected 
as shown in Fig. 4.71 with one wire from each capacitor free. 
The upper plate of A is positive and that of B is negative. An 
uncharged 2 jiF capacitor C with lead wires falls on the free 
ends to complete the circuit. Calculate 


1. the final charge on the three capacitors, 

2. the amount of electrostatic energy stored in the system 
before and after the completion of the circuit. 

(IIT-JEE, 1997) 
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_ 2yFj [C 


+]_3 [jF 
aT 100 V 


2^1- 
180 vT^ 


Fig. 4.71 

Sol. 1. We will attempt this question on the basis of charge 
conservation. 

Initially: 


3 |iF 
<7l 


J00V 


*4- 


2pF 

<n 


Ceq. *= 6/5 

4-► 

280 V 


180V 

Fig. 4.72 

Charge on capacitor >1, q A — 3 x 10“ 6 x 100 = 3 x 10 _4 C 
Charge on capacitor B t q B — 2 x 10" 6 x 180 

= 3.6 x 10" 4 C 


% 


<7o Co^iiF 


Ccq. ** 6/5 tlF 


+ U 

Ccq. = 6/5 |iF 

4-► 

■ V*= 105 V 


- 

105 V 


B 

+ 


+ 

_ 


3pP 2HP 

->4- 


V\ = 30V r 2 = 75V 
<l'\ <(l 

Fig. 4.73 

Finally: 

Let the charge on capacitor A, B and C be q\, q\ and qj, 
respectively, 

By charge conservation: 

The sum of charges on plates 2 and 3 should be equal to qA : 

?i+?2 = 3x 10 -4 (i) 

Similarly, the sum of charges on plates 4 and 5 will be equal 
to qg\ 

-92 - 93 = -3.6 x 10-V + 93 = 3.6 x 10 " 4 (ii) 

Applying Kirchhoff’s law in the loop ACBA, we get 

, gi _ '92 _ 93__ _ q 

3 x 10- 6 2 x 10'- 6 2 x 10" 6 

291 - 3^2 + 393 = 0 (iii) 

On solving (i), (ii) and (iii), we get 
q\ = 90 x 10 -6 C, qi = 210 x 10 -6 C and 
q 3 = 150 x 10- 6 C 

2. Amount of electrostatic energy in the system initially 
\ x 3 x 1(T 6 (100) 2 + |x2x 10“ 6 (180) 2 = 4.74 x 10" 2 J 


Amount of electrostatic energy stored finally 
1 (90 x 10" 6 ) 1 (210 x 10- 6 ) 2 1 (150 x 1(T 6 ) 2 

1 2 3 x 10" 6 + 2 2 x 10- 6 + 2 2 x 10" 6 


= 1.8 x 10~ 2 J 

A capacitor has rectangular plates of 
length a and width b. The top plate is inclined at a small 
angle as shown in Fig. 4.74. The plate separation varies from 
d = y 0 at the left to d = 2y 0 at the right, where y 0 is much 
less than a or b. Calculate the capacitance of the system. 



Fig. 4.74 

Sol. We consider a differential strip of width dx and length b to 
approximate a differential capacitor of area bdx and separation 
d = yo + (—) x -AH such differential capacitors are in parallel 
arrangement. 



dC = 


Bn(bdx) 


»+(?) 

a 

C — $0 b J 


Fig. 4.75 


dx 


-s 


dC 




(yo/a) 


In 


yo + — x <j\ 
a 


yo 


/J 


so ab 

yo 


In 2 


We can determine expression for capacity in terms of 9 as 
d = (yo + x tan 8) 


= /„c = / 

Bob 


Bab dx 


(y 0 + x tan 9) 


tan 9 


In 


/ yo + a tan 

l » / 


For small 9, tan 9 = 9 =$ C = In | 1 + — } 

9 \ yo / 

, Now, we can use the expansion 

1 2 

log(l + jc) = jc - -j: 2 4- 

For x < 1, we can neglect higher powers. Thus, 


r _ £o& 

e 


u9 1 / a &\ 2 _ £ o a b "j o9 "I 

yo ^\ya) ~ yo L 2y 0 J 
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EXERCISES 


Subjective Type 




Solutions on i 


1. Identical metal plates are located in air at equal distance 
d from one another, The area of each plate is equal to A. 
Evaluate the capacitance of the system between P and Q 
if plates are interconnected as shown in Fig. 4.76. 


A 




(a) 


y-op 


f—oP 

Zr°Q 


\r 


(b) 




Fig. 4.76 


2. The capacitors in Fig. 4.77 are initially uncharged and 
are connected as in the diagram with switch S open. The 
applied potential difference is V a j, = +360 V 



6.00 pF 3.00 pF 

Fig. 4.77 


. a. Whdt is the potential difference V c j? 

b. What is the potential difference across each capacitor 
after switch S is closed? 

c. How much charge flowed through the switch when it 
was closed? 

3. If the area of each plate is A and the successive separations 
are d, 2d and 3d, then And the equivalent capacitance 
across A and B, 


b. the amount of electrostatic energy stored in the sys. 
tem before and after the completion of the circuit. 


c 



S\\ ' Sj 

+J_3pF 2pF | - 


* 


100 V 


Sj 


180 V 


Fig. 4.79 


5, ‘Condensers with capacities C, 2 C, 3 C and 4C are charged 
to the voltage V, 2V, 3V and 4V correspondingly (Fig. 
4.80). The circuit is closed. Find the voltage on all the 
condensers in equilibrium. 


c,v 

.1 7 ” 

3C, 3V 

Fig. 4.80 

6. In Fig. 4.81, when switch is swapped from 1 to 2, find the 
heat produced in the circuit. 


— Co—. 

si 1 

-A 

o 

o 

11 

- u 

- 


Fig. 4.81 


◄-► 



Fig. 4.78 


4. Two capacitors A and B with capacities 3 and 2 pF are 
charged to p.d. of 100 and 180 V, respectively. The plates 
of the capacitors are connected as shown in Fig. 4.79. The 
upper plate of A is positive and that of B is negative. An 
uncharged capacitor C of 2 pF capacitance with lead wires 
falls on the free ends to complete the circuit. Calculate 
a. the final charge on the three capacitors, and 


7. Consider the network shown in Fig. 4.82. Find the effec¬ 
tive capacity between A and B. Assume C = 25 pF. 



Fig. 4.82 


8. A capacitor of capacitance C| = 1 pF can withstand a 
maximum voltage of V\ = 6 kV and another capacitor of 
capacitance C 2 = 2 pF can withstand a maximum volt¬ 
age of Vi - 4 kV. If they are connected in series, what 
maximum voltage will the system withstand? 
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9. What charges (in pC) will,flow through section B of the 
circuit in the direction shown when switch S is closed? 

30 V 

6.0 V 

C 

Fig. 4,83 


T 7 f 


4= 2 p.F 
3 JJ.F 


10. A parallel plate capacitor contains a mica sheet (thickness 
10*" 3 m) and a sheet of fibre (thickness 0.5 x 10 _3 m). The 
dielectric constant of mica is 8 and that of fibre is 2.5. 
Assuming that the fibre breaks down when subjected to 
an electric field of 6.4, x 10 6 Vr 1 , find the maximum 
safe voltage that cap be applied to the capacitor. 

11. Find the potential difference between the points M and 
N of system shown in Fig. .4.84.if the e.m.f.is equal to 

Ci 

E = 110 V and the capacitance ratio —- = 2. 

C i 



Fig. 4.84 


12. Fig. 4.85 shows a network of seven capacitors. If charge 
on 5 juF capacitor is 10 pC, find the potential difference 
between points A and C. 


. 3pF 



13. In the circuit shown (Fig. 4.86) the e.m.f. of each battery 
is 60 V and Cj = 2 pF and Ci = 3 pF. Find the charges 
that will flow through the sections 1,2 and 3 after the key 
is closed. 

14. Find the potential difference between the points A and B 
and that between E and F of the circuit shown in Fig. 4.87. 

15. Some capacitors each of capacitance 30 pF are connected 
as shown in Fig. 4.88. Calculate equivalent capacitance 
between terminals A and B. 


60 V 


60 V 



Fig. 4.86 


23 V 


15 ptF 

1 1 T 

—| | - 

5 pF !SjiF 

II ? II 


L 

0.75nJP_j_ 

0.75 HF 

II 1 II 

a 

SuF 

f ’ r 

15 pF 5 pF 


Fig. 4.87 



Objective Type 


. Solutions on page 4.44 


1. Two copper spheres of same radii, one hollow and the 
other solid, am charged to same potential Then, which, if 
any, of the two will have more charge? 

a. . Hollow . 

b. Solid 

c. Both will have the same charge 
1 v d. Nothing can be predicted 

2. The distance between the plates of a parallel plate capac¬ 
itor is d . A metal plate of thickness dil is placed between 
the plates. What will be its effect on the capacitance? 

a. Capacitance will be halved 

b. Capacitance will be doubled 

c. Capacitance will not change 

d. Capacitance will become 1.5 times original 

3. Two metallic charged spheres of radii R\ and Ri having 
, charges Q\ and Qi , respectively, are connected to each 

other. There is . 

a. no change in the energy of the system 

b. an increase in the energy of the system 

c. always a decrease in the energy of the system 

d. a decrease in energy of the system unless 

Q\Ri — QiR\ 
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4. In the circuit of Fig. 4*89, find the charge of the condenser 
having capacity 5 pF. 

2 pF 


3pF 


'5pF 


4 pF 


1 6 V 

Fig. 4.89 


Q 


a. 4*5 pC 
c. 7 pC 


b. 9 pC 
d. 30 pC 


5. In the accompanying diagram, if C\ = 3 pF, C\ = 6 pF, C 3 
= 9 pF, C 4 = 12 pF, C 5 - 15 pF and C& - 18 pF, then the 
equivalent capacitance between the ends A and B is 



a. 1.22 pF b. 5.16pF 

c. 2.25 pF d. 2.51 pF 

6 . Three capacitors of capacitances 2, 3 and 4 pF are con¬ 
nected in parallel. What is the charge (in pC) on each 
capacitor if the combination is connected to a 100 V sup- 
ply? 

a. 200, 300,400 b. 300, 200, 400 

c. 400, 300,200 d. 400,200, 300 


7. In the above question, if the capacitors were connected 
in series, find the potential difference (in V) across each 


capacitor. 

300 600 .400 

a * TP 13 ’ U 

300 400 600 
C ‘ 13 ’ 13 ' 13 


600 300 400 

‘ 13 ' 13 * 13 
600 400 300 

‘ 13 ’ 13 ’ 13 


8 . Four identical metal plates, each with a surface area A 
(on one side), are placed a distance d from each other as 
shown in Fig* 4.91. The two inner plates are connected to 
point B and the other two plates to another point A * Then, 
the capacitance of the system is 



4 


Fig. 4.91 

a. soA/d b. 2eo A/d 

c. 3soA/d d. 2soA/3d 

9. We wish to obtain a capacitance of 5 pF, by using some . 
capacitors, each of 2 pF* Then, the minimum number of 
capacitors required is 
a. 3 b. 4 

c. 5 d. not possible 


10. A number of capacitors, each of equal capacitance C, are 
arranged as shown in Fig. 4.92. Equivalent capacitance 
between A and B is 



a. n 2 C 
( n— 1 )n 


b. 


d. 


(2ft + 1 )C 
(n + \)n 


11. The plates of a parallel plate capacitor are charged up to 
100 V* Now, after removing the battery, a 2 mm thick plate 
is inserted between the plates. Then, to maintain the same 
potential difference, the distance between the capacitor 
plates is increased by 1.6 mm* Dielectric constant of the 
plate is 

a. 5 b. 1*25 

c. 4 d. 2.5 


12. Three plates A, B y C each of area 50 cm 2 have separation 
3 mm between A and B and 3 mm between B and C. The 
energy stored when the plates are fully charged is 


.A 


12 V 


Fig. 4.93 

a. 6xl0 “ 9 J b. 3.12x 10 -9 J 

c. 2.12 x 10 _9 J d. none of these 

13. Four metallic plates, each with a surface area of one side 
A y are placed at a distance d from each other. The alternate 
plates are connected to points A and B as shown in Fig. 
4.94. Then the capacitance of the system is: 


B 


c 



Fig. 4.94 


eo A . 
d 

b. 

2 «o A 
d 

3eo4 

C ‘ d 

d. 

4e 0 A 

d 
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14. The capacitance of an infinite circuit formed by the repeti¬ 
tion of the same link consisting of two identical capacitors, 
each with capacitance C (Fig, 4,95), is 



a. zero . b. 0.618C 

c. 2.62 C d. infinite 

15. Two parallel plate capacitors, each of capacitance 40 pF, 

are connected in series. The space between the plates of 
one capacitor is filled with a dielectric of dielectric con¬ 
stant K = 3, then the equivalent capacitance of the com¬ 
bination is 

a. 30 pF b. 120 pF 

c. 40 pF d. 160 pF 

16. For making a parallel plate capacitor you have two plates 
. of copper, a sheet of mica (thickness = 0,10 mm, K = 5,4), 

a sheet of glass (thickness = 0.20 mm, K = 7) and a slab of 
paraffin (thickness = 1,0 cm, K = 2), To obtain the largest 
capacitance, which sheet should you place between the 
copper plates? 

a. Mica 

b. Copper 

c. Glass 

d. Information is insufficient 

17. For configuration of media of permittivity eo, e. eo be¬ 
tween parallel plates each of area A, as shown in Fig. 4.96, 
the equivalent capacitance is 


£0 

£ 

. *0 

< — d —► 




Fig. 4.96 


19. When a dielectric slab is introduced between the plates of 
an isolated charged capacitor, it 

a. increases the capacitance of the capacitor 

b. decreases the electric field between the plates 

c. decreases the amount of energy stored in thecapacitor 

d. all of the above 

20. Seven capacitors, each of capacitance 2 pF, are to be com¬ 
bined to obtain a capacitance of 10/11 pF. Which of the 
following combination is possible? 

a. 2 in parallel, 5 in series 

b. 3 in parallel, 4 in series ■ 

c. 4 in parallel, 3 in series 

d. 5 in parallel, 2 in series 

21. A spherical capacitor has an inner sphere of radius 12 cm 
and an outer sphere of radius 13 cm. The outer sphere is 
earthed and the inner sphere is given a charge of 2.5 pC. 
The space between the concentric spheres is filled with 
a liquid of dielectric constant 32. Determine potential of 
the inner sphere. 

a. 400 V . b. 450 V 

c. 500 V d. 300 V 

22. A parallel plate capacitor has plates of area A and sepa¬ 
ration d and is charged to a potential difference V. The' 
charging battery is then disconnected and the plates are 
pulled apart until their separation is 2d. What is the work 
required to separate the plates ? 

a. 2soAV 2 /d b. eoAV 2 /d 

c. 3e 0 AV 2 /2d d. s 0 AV 2 /2d 

23. A parallel plate capacitor is charged and then disconnected 
from the source of potential difference. If the plates of 
the condenser are then moved farther apart by the use of 
insulated handle, which one of the following is true? 

a. The charge on the capacitor increases 

b. The charge on the capacitor decreases 

c. The capacitance of the capacitor increases 

d. The potential difference across the plates increases 

24. For the section AB of a circuit shown in Fig. 4.97, 

Ci = 1 pF, Ci = 2 pF, E = 10 V and the potential difference 
V A - Vs = —10 V, Charge on capacitor C\ is 


a. eo A[d b. eeo A/d 

eep A ■ bsqA 

d(s -f- eo) (2e + £o)d 

18. A parallel plate capacitor is connected across a battery. 
Now, keeping the battery connected, a dielectric slab is 
inserted between the plates. In this process, 

a. no work is done 

b. work is done by the battery and the stored energy 
increases 

c. work is done by the external agent and the stored 
energy decreases 

d. work is done by the battery as well as external agent 
but the stored energy does not change 


Ct E . Cl 

II—h—II— 

Fig. 4.97 

a. 0 pC b. 20/3 pC 

c. 40/3 pC d. none of these 

25. A 600 pF capacitor is charged by a 200 V supply. It is 
then disconnected from the supply and is connected to 
another uncharged 600 pF capacitor. What is the common 
potential (in V) and energy lost (in J) after reconnection? 
a. 100,6xl0 -6 b. 200,6x 10 -5 

c. 200,5xlO- 6 d. 100,6xl0 -5 
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26. Two parallel plate capacitors of capacitances C and 2 C 
are connected in parallel and charged to potential differ¬ 
ence V< The battery is then disconnected and the region 
between the plates of C is filled completely with a material 
of dielectric constant K . The common potential difference 
across the combination becomes 

2V t V 

a. t: -r b. 


K+2 

3V 


c. 


d. 


K + 2 
3V 


K + 3 K + 2 

27. Three capacitors A, B and C are connected in a circuit as 
shown in the Fig. 4.98. What is the charge in pC on the 
capacitor B1 




- 1 1 

7 V . 

[ 

= 2 pF B ~ 

z3pF C“ 

6 V 

_1 i- 



rzz 4 pF 


a. 1/3. 


Fig. 4.98 

b. 2/3 


c. 1 


d. 4/3 


28. A parallel plate capacitor is made by stacking n equally 
spaced plates connected alternatively. If die capacitance 
between any two adjacent plates is C, then the resultant 
capacitance is 

a. inC b. C 

c. (n + 1 )C d. (n - 1 )C 

29. Three capacitors are connected as shown in Fig. 4.99. 
Then, the charge on capacitor C\ is 

2pT 2pF 



-II- 

Cl 

ll 

II- 

= 4gF 

! 

I 1 J 

6 V 

L r l 

6 V 


Fig. 4.99 

a. 6 (jC 


b. 1 

c. 18 |uC 


d. 2 


30. In the above question, the potential of point A is 

a. 3 V b. 6 V 

c. 9 V d. zero 

31. In Fig. 4.100, if the potential at point B is taken as zero, 
then the potential at point A will be 


a. 8 V 
c. 24 V 


I2pl 


6 pF 


2 pF 


24 V 

Fig. 4.100 


b. 16 V. 

d. none of the above 


32. A capacitor of capacitance C l = 1 pF charged up to a volt¬ 
age V = 110 V is connected in parallel to the terminals 
of a circuit consisting of two uncharged capacitors con¬ 
nected in series and possessing capacitances C 2 = 2 pF and 
C 3 = 3 pF. Then, the amount of charge that will flow 
through the connecting wires is 

a. 40 pC b. 50 pC 

c. 60 pC d. llOpC 

33. Ten capacitors are joined in parallel and charged with a 
battery up to a potential V, They are then disconnected 
from battery and joined in series. Then, the potential of 
this combination will be 

a. 1 V Ik 10 V 

c. 5 V d. 2 V 


34. In Fig. 4.101, three capacitors C\> C 2 and C 3 are joined to 
a battery. With symbols having their usual meaning, the 
correct conditions will be 


C\ V\ Gi 


v 2 _q 2 


Q v* Q 3 





Fig. 4.101 



a. 

e> 

= £2 

= Q 3 and V| = 

■- v 2 = 

--V 3 + V 

b. 

Gi 

= £2 

+ Qi and V = 

V, + 

Vi 

c. 

Q\ 

= £2 

+ Qi and V = 

Vi + 

v 2 

d. 

£2 

= £3 

and V 2 = Vi 




35. The cross section of a cable is shown in Fig. 4.102. The 
inner conductor has a radius of 10 mm and the dielectric 
has a thickness of 5 mm. The cable is 8 km long, Then,^ 
the capacitance of the cable is (given log e 1.5 = 0.4) _ 0 . ; 



Fig. 4.102 

a. 3.8 pF b. 1.1 pF 

c. 4.8 x 10“ lo F d. none of these 


36. An uncharged parallel plate capacitor having a dielectric 
of dielectric constant K is connected to a similar air cored 
parallel plate capacitor charged to a potential Vb- The two 
share the charge and the common potential becomes V. 
The dielectric constant K is 


a. 


c. 


Vb 

V 

V 

Vb 


- 1 
-1 


b. 


d. 


^ + i 

V 

V 

V + 1 
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37. Fig. 4.103 shows two identical parallel plate capacitors 
connected to a battery. The switch is now opened and the 
free space between the plates of capacitors is filled with 
a dielectric of 3. The ratio of the total electrostatic 
energy stored in both the capacitors before and after the 
introduction of the dielectric is 



Fig. 4.103 


a. 3/4 b. 4/5 c. 2/3 


d. 3/5 


38. Two identical parallel plate capacitors are connected in 
series and then joined in series with a battery of 100 V, A 
slab of dielectric constant K = 3 is inserted between the 
plates of the first capacitor. Then, the potential difference 
across the capacitors will be, respectively, 

a. 25 V, 75 V b. 75 V, 25 V 

c* 20 V, 80 V d. 50 V, 50 V 

39. A parallel plate air capacitor is charged to 100 V and is 
then connected to an identical capacitor in parallel. The 
second capacitor has some dielectric medium between its 
plates. If the common potential is 20 V, the dielectric con¬ 
stant of the medium is 

a. 2.5 b. 4 c. 5 d. 8 


40. In the given network of capacitors as shown in Fig. 4.104. 
given C) = Ci = C 3 = 400 pF and C 4 = C 5 = C 6 - 200 
pF. The effective capacitance of the circuit between X and 
Y is 


C|j | 

Al 1 

Cji 1 

1 1 

1 i 

11 


«\ 1 

Hi— 


1 1 

—£*1 1_ 



Fig. 4.104 

a. 810 pF b. 205 pF c. 600 pF d. 410 pF 

41. The work done in increasing the potential of a capacitor 

from V volt to 2V volt is W . Then, the work done in 
increasing the potential of the same capacitor form 2V 
volt to 4V volt will be 

a. W b. 2 W c. 4 W d. 8 W 


42. The plates of a parallel plate capacitor have an area of 90 
cm 2 each and are separated by 2 mm. The capacitor is 
charged by connecting it to a 400 V supply. Then the en¬ 
ergy density of the energy stored (in JirT 3 ) in the capacitor 
is (Take = 8.8 x IO'^FitT 1 ) 
a. 0.113 b. 0.177 

d. none of these 


43. Three identical capacitors, each of capacitance C, are con¬ 
nected in series with a battery of e.m.f. V and get fully 
charged. Now, the battery is removed and the capacitors 
are connected in parallel with positive terminals at one 
point and negative terminals at other point. Then, the com¬ 
mon potential will be 

a. V b. 3V 

c. V/3 d. Zero 

44. In Fig. 4.105, given Ci = 3 pF, C 2 = 5 pF, C 3 = 9 pF and C 4 
= 13 pF. What is the potential difference between points 
A and £? 





c,z 

- 

22 V” 

Z. 

z c 2 - 

C„z 



Fig. 4.105 

a. 13 V b. 9 V 

c. 0 V d. 11 V 

45. Two capacitors of 1 2 and 4 pF capacitors are connected in 
series and charged by using a battery of 12 V e.m.f.. Now, 
the battery is disconnected and the charged capacitors are 
connected in parallel. Then, the redistributed charges on 
each capacitor after parallel connection will be, respec¬ 
tively, 

a. 36 pC, 36 pC 

b. 54 pC, 18 pC 

c. 18 pC, 54 pC 

d. none of these 

46. In the combination of capacitors shown in Fig. 4.106, the 
potential difference across the plates of the capacitor A 
will be 


1 F 



a. 4.8 V ,b. 6 .V c. 1.2 V d. 2.4 V 

47. In a circuit shown in Fig. 4.107, the potential difference 
across the capacitor of 2 F is 

2 F 

I- 11 -1 

12 V J F 

H'-II— 1 

Fig. 4.107 

a. 8 V b. 4V c. 12 V cl. 6 V 

48. When a metal plate is introduced between # *he two plates 
of a charged capacitor and insulated from them, then 

a. the metal plate divides the capacitor Into two capac¬ 
itors connected in parallel to each other 


c. 0.152 
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b. the metal plate divides the capacitor into two capac¬ 
itors connected in series with each other 

c. the metal plate is equivalent to a dielectric of zero 
dielectric constant 

d. capacitance of the capacitor decreases 

49. The potential gradient at which dielectric of the condenser 
just gets punctured, is called 
a. dielectric constant b. dielectric strength 

c. dielectric resistance d. dielectric number 


SO. A parallel plate capacitor is charged and then isolated. 
What is the effect of increasing the plate separation on 
charge, potential and capacitance, respectively? 

a. Constant, decreases, decreases 
. b. Increases, decreases, decreases 

c. Constant, decreases, increases 

d. Constant, increases, decreases 


SI. Six identical capacitors are joined in parallel, charged to a 
potential difference of 10 V, separated and then connected 
in series, i.e., the positive plate of one is connected to 
negative plate of other Then, potential difference between 
free plates becomes 

a. 10 V b. 30 V c. 60 V d. 10/6 V 


52. The effective capacitance between points X and Y in 
Fig. 4.108, assuming C 2 - 10 pF and that outer capac- 


itors are all 4 J pF each, is 

C4, | 



11 

11 

11 

A ■ 

c}' 

<v' 

_1 

csJ 1 

a. 1 pF 

Fig. 4.108 

b. 3 fiF 

c. 4|jF 


53. The resultant‘capacitance between the points A and B in 
Fig. 4.109 is 




30 pF 


Fig. 4.109 

a. 15 pF b. 30 pF c. 60 pF d. 45 pF 

54. TWo condensers C \ and C 2 in a circuit are joined as shown 
in Fig. 4.110. The potential of point A is V\ and that of B 
is V 2 . The potential of point D will be 


A- 

V\ 


C x 

IF 


D 


Fig. 4.110 




-• B 

V2 


a. ] -(Vx 4- V 2 ) 

Cl V\+C 2 V 2 
C\ + c 2 


CtV 2 + C 2 V I 
c, + C 2 

C 2 v I "C]V 2 
C\ -I- C 2 


55. A capacitor is charged to store an energy £/. The charg¬ 
ing battery is disconnected. An identical capacitor is now 
connected to the first capacitor in parallel. The energy in 
each of the capacitor is now 

a. 3C//2 b. U " c. U/4 d. U/2 

56. Consider a parallel plate capacitor of capacity 10 juF with 
air filled in the gap between the plates. Now, one half of 
the space between the plates is filled with a dielectric of 
dielectric constant 4 as shown in Fig. 4.111. The capacity 
of the capacitor changes to 



r': 


TT 

II 





Fig. 4.111 


a. 25 pF b. 20 pF c. 40 pF d. 5 pF 

57. A 2 pF capacitor is charged to 100 V and then its plates 
are connected by a conducting wire. The heat produced is 

a. 0.001 J b. 0.01 J c. 0.1 J d. 1J 

58. In Fig. 4.112 initial status of capacitance and their connec- 
tion is shown. Which of the following is incorrect about 
this circuit 


+ 15V- +10V- 



Fig. 4.112 

a. Final charge on each capacitorwill be zero 

b. Final total electrical energy of the capacitance will be 
zero 

c. Total charge flown from A to D is 30 pC 

d. Total charge flown from A to D is -30 pC 

59. A parallel plate capacitor with no dielectric has a capac¬ 
itance of 0.5 pF. The space between the plates is filled 
with equal amounts of two dielectric materials of dielec¬ 
tric constants 2 and 3 as shown in Fig. 4,113. Find the 
capacitance of the system now. 


0 



a. 1.2 pF b. 1.8 pF 

c. 1.25 pF d. none of these 
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60. Solve the above question if the dielectric materials were 
filled as shown in Fig. 4.114. 

p 


Fig. 4.114 

a. 1.2 (iF b. 1.25 pF 

c. 1.80 pF d. None of these 

61. Two metallic spheres of radii a and b are separated by 
a distance d as shown in Fig. 4,115. The capacity of the 
system is 



64. A conducting-sphere of radius /?»carrying charge Q k lies 
inside an uncharged conducting shell of radius 2/?. If they 
are joined by a metal wire: 

a. a charge Qt 3 will flow from the sphere to the shell 

b. a charge 2Q/3 will flow from the sphere to the shell 

c. a charge Q will flow from the sphere to the shell 

1 Q 2 

d. --— amount of heat will be produced 

8jtso R 

65. The plates of a parallel plate capacitor are charged with 
surface charge densities cr\ and respectively. The elec¬ 
tric field at points: 

a. inside the region between the plates will be zero 

b. above the upper plate and below the lower plate will 
be zero 

c. everywhere in the space will be zero 

d. inside the region between the plates will be uniform 
and non-zero 

66. The distance between plates of a parallel plate capacitor is 
5d. The positively charged plate is at x ' = 0 and negatively 
charged plate is at x = 5 d. 


a. 


Aneo 


I + I.2 

a + b d 
4,71 So 


1 1 2 
a~b + d 


b. 


d. 


AtIEq 


1 1 2 
- 4- - + - 
a b d 


47T£o 


1 _ 1 _ 2 
a b d 

62. A capacitor of capacitance Co is charged to a potential 
Vo and then isolated. A small capacitor C is then charged 
from Co* discharged and charged again; the process be¬ 
ing repeated n times. Due to this, potential of the larger 
capacitor is decreased to V. Value of C is . 



-9 


c. Co 


rar 

b. Co 

\Ci) 

\VJ - 



[(SH 

M 

d. C 0 

[© 


d 2d 3 d A d ' 5 d 

Fig. 4.117 

Two slabs, one of conductor and the other of a dielectric 
of same thickness d , are inserted between the plates as 
shown in Fig. 4.118. Potential V versus distance x graph 
will be 

V V 


+ 1 


63. If the current, charging a capacitor, is kept constant, then 
the potential difference V across the capacitor varies with 
time t as 


v 

b. A 


d Id 2d Ad Sd 


-Ax 



/ 


O 





d. None of these 


d 2d 2d Ad Sd 


-Ax 


Fig. 4.118 

67. In the circuit shown in Fig. 4.119 C = 6 pF. The charge 
stored in capacitor of capacity C is 
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10 v 


2 C 


Fig. 4.119 

a. zero b. 90 pC c. 40 pC d. 60 pC 

68. One plate of a capacitor is fixed and the other is connected 
to a spring as shown in Fig. 4.120. Area of both the plates 
is A. In steady state (equilibrium), separation between the 
plates is 0.8^ (spring was unstretched and the distance be¬ 
tween the plates was d when the capacitor was uncharged). 
The force constant of the spring is approximately 


69. 





Fig. 4.120 


a. 


c. 


4e«AE 2 

6fioE 2 


b. 


d. 


2sq A E 
s^AE 3 


Ad 3 ' 2d 3 

A dielectric slab of area A and thickness d is inserted 
between the plates of a capacitor of area 2 A with constant 
speed u as shown in Fig. 4.121. Distance between the 
plates is d. 



Fig. 4.121 

The capacitor is connected to a battery of e.m.f. E. The 
current in the circuit varies with time as 


d. a 




a 

Fig. 4.122 




70. A photographic flash unit consists of a xenon filled tube. 
It gives a flash of average power 2000 W for 0.04 s. The 
flash is due to discharge of a fully charged capacitor of 
40 pF. The voltage to which it is charged before a flash is 
given by the unit is 

a. 1500 V b. 2000 V 

c. 2500 V d. 3000 V 

71. A parallel plate capacitor is constructed using three differ¬ 
ent dielectric materials as shown in the Fig. 4.123. What 
is the capacitance across P and Q ? 


t/2 


tf2 


: k* 




A/2 

1 4/2 


\Q 


Fig. 4.123 


‘■(f 
*■( 
<•( 
d -( 


b. [ K\ + 


K\ + 


k 2 k 3 n 

\ £o A 

+ Kiy 

) 

KiKi \ 

So A 

Ki + Ki) 


2 K 2 K 2 \ 

£a A 

k 2 + kJ 

l 

k 2 k 2 

£()A 


K ' + 2(K 2 + K 3 ) l ) 

72. Two square plates (/ x /) and dielectric 




are 


arranged as shown in Fig. 4.124. Find the equivalent ca¬ 
pacitance of the structure. 


l 



i i * 


a. 2 

l b. 2 

i 




Hi 





r 


/-\ 0 

- 1 - i - r-M 

1 1 

O 

L -x, 

\ 1 


^- w 

til 


K 


All 

[ B AH 


Fig. 4.124 


2£[)A ( K + 1 \ 

a> ~r (kTv 

c * / v* + 3; 


d - £ r( 


'2 K + 1 


, 2 K + 3 

73. The equivalent capacitance across All (Fig. 4.125) is 
a. 8 gF b. 12 gF 
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^<Hh 


8 jiF 


3jiF 


C 2 I 


8 JJ.F 






6 pF z 

I I 

= 4pF 

6 \i? 

C\ | 


- II - 

12 pF 


1 1 1 



- OB 

| 1 


Fig. 4.125 


Fig. 4.129 


$2 

5, 


c. 4 jjF d. 24 [iF 

74. The equivalent capacitance between P and Q (Fig. 4.126) 
is 


Multiple Correct 
Answers Type 


Solutions oh page 4A9 


Po 


C 



0 2 


Fig. 4.126 


a. 


C 

3 


b. 3 C c. 2 C d. C 


75. The equivalent capacitance between P and Q (Fig. 4.127) 
is 


C 



C 


Fig. 4.127 

C 

a. - b. 3 C c. 2 C d. C 

76. Find capacitance between P and O (Fig. 4.128) is 


P 



Fig. 4.128 


a. 1C b. 3 C c. 8 C d. 6 C 

77. In the circuit shown in Fig. 4.129 C\ = 6 pF, C 2 = 3 pF 
and battery £ = 20 V. The switch Si is first closed. It is 
then opened and afterwards Si is closed. What is the final 
charge on C-p. 

a. 120 pC b. 80 pC 

c. 40 pC d. 20 pC 


1. To two plates of a parallel plate capacitors, charges Q \ and 
Q 2 are given. The capacity of the capacitor is C. When the 
switch is closed, mark the correct statement(s). [Assume 
both 61 > Q 2 to be +ve] 


Qi Qi 



Fig. 4.130 

a. The charge flown through switch is zero 

b. The charge flown through switch is Q\ 4- Qi 

c. Potential difference across the capacitor plate is Q\{C 

d. The charge of the capacitor is Q 1 

2. A dielectric slab fills the lower half region of parallel plate 
capacitor as shown in Fig. 4.131, [Take plate area as A] 



Fig. 4.131 


b. The net charge of lower half of the left hand plate 
UK times the charge on upper half of the plate 
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c. Net charges on lower and upper halves of left hand 
plate are different 

d. Net charges on lower half of left hand plate is 

KetA __ 

- x V 

2d 

3. A parallel plate air capacitor has initial capacitance C. If 
plate separation is slowly increased from d\ to then 
mark the correct statement(s). [Take potential of the ca¬ 
pacitor to be constant, he., throughout the process it re¬ 
mains connected to battery.] 

a. Work done by electric force = — work done by exter¬ 
nal agent. 

b. Work done by external force = — 

is the electric force of attraction between the plates 
at plate separation x. 

c. Work done by electric force ^ -ve of work done by 
external agent. 

d. Work done by battery = 2 times the change in electric 
potential energy stored in capacitor. 

4. A capacitor of 5 pF is charged to a potential of 100 V. Now, 
this charged capacitor is connected to a battery of 100 V 
with positive terminal of battery connected to negative 
plate of the capacitor. For the given situation, mark the 
correct statement(s). 

a. The charge flown through 100 V battery is 500 pC. 

b. The charge flown through 100 V battery is 1000 pC. 

c. Heat dissipated in the circuit is 0.1 J. 

d. Work done on the battery is 0.1 J. 

5. Two identical capacitors with identical dielectric slabs in 
between them are connected in series as shown in the Fig. 
4.132. Now, the slab of one capacitor is pulled out slowly 
with the help of an external force F at steady state as 
‘shown. 

Mark out the correct statement(s). 


/ 


F ■ dx , where F 



a. During the process, charge (positive) flows from b to 

a. 

b. During the process, charge of capacitor B is equal to 
charge on A at all instants. 

c. Work done by F is positive, and heat may dissipate 
in the circuit during the process. 

d. During the process, the battery has been charged. 


Assertion-Reasoning 

Type 


Solutions on page 4*50 


In the following questions, each question contains Statement I 
(Assertion) and Statement 11 (Reason). Each question has four 
choices a., b., c. and d. out of which ONLY ONE is correct. 


a. Statement I is True, Statement II is True; Statement II is a 
correct explanation for Statement L 

b. Statement l is True, Statement II is True; Statement II is Not 
a correct explanation for Statement I. 

c. Statement I is True, Statement II is False. 

d. Statement I is False, Statement II is True. 


1. Statement I: A capacitor can be given only a limited 
quantity of charge. 

Statement II: Charge stored by a capacitor depends upon 
shape and size of the plates of capacitor and the surround¬ 
ing medium. 

2. Statement I: Capacity of a paiallel plate capacitor in¬ 
creases when distance between the plates is decreased. 
Statement II: Capacitance of a capacitor is directly pro¬ 
portional to distance between them. 

3. Statement I: The capacity of a conductor, under given 
circumstances, remains constant irrespective of the charge 
present on it. 

Statement II: Capacity depends on size and shape of con¬ 
ductor and also on the medium. 

4. Statement I: A charged plane parallel plate capacitor has 
half interplanar region (I) filled with dielectric slab. The 
other half region II has air. 

Then, the magnitude of net electric field in region I is less 
than that in region II. 

Statement II: In a dielectric medium, induced (or polar¬ 
ized) charges tend to reduce the electric field. 


+Q a + Q C 


-1 

• 

;-1 

Dielectric 
slab , v 

I 

Air 

0D 

Dielectric vj 

Air 

i 

ft 

• 1 


Q Q 

(a) (b) 

Fig. 4.133 


5. Statement I: A dielectric is inserted between the plates 
of an isolated fully charged capacitor. The dielectric com¬ 
pletely fills the space between the plates. The magnitude 
of electrostatic force on either metal plate decreases, as it 
was before the insertion of dielectric medium. 

Statement II: Due to insertion of dielectric slab in an 
isolated parallel plate capacitor (the dielectric completely 
fills the space between the plates), the electrostatic poten¬ 
tial energy of the capacitor decreases. 
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Comprehension 

Type 


Solutions on page 4.50 


For Problems 1-2 

An inflated balloon is covered with a conducting surface that 
carries a charge q. The balloon develops a leak and the radius 
starts to decrease, but no charge is lost from surface. 


1. How does the capacitance of the balloon change as the 
balloon leaks? 

a. C increases 

b. C decreases 

c. C remains the same 

d* There is not enough information to answer the ques¬ 
tion 

2. How does the stored electrical energy change as the bal¬ 
loon leaks? 

a. U increases 

b. U decreases 

c. U remains the same 

d. There is not enough information to answer the ques¬ 
tion 

For Problems 3-5 

Consider a parallel plate capacitor originally with a charge qo , 
capacitance Co and potential difference A Vq. There is an elec¬ 
trostatic force of magnitude F& between plates, and capacitor 
has a stored energy The terminals of the capacitor are not 
connected to anything. 

3. A dielectric slab with k e > 1 is inserted between the 
plates. Which quantity/quantities increase? 

a. C b. AV c. F d. U 


6. The equivalent capacitance of given structure is 
so A _ £qA 


a. 


c. 


(a — b - x) 



(b-x) 

If potentials of upper and lower plates are V\ and 
respectively then find the potential of rigid section. 


a. V t - 


c. V { - 


(Vi - Vi)x 
(a-b) 

(V\ - V2> 

(a+ b) 


b. V, - 


d. V, - 


Wi-VOx 
(a-b) 
(Vi - Vi)x 
(a + b) 


For Problems 8-9 

The space between plates of a parallel plate capacitor is filled 
with dielectric as shown in Figs. 4.135 and 4.136. The area of 
each plate is A and relative permittivity of dielectric is £ r - 
8. Find the capacitance across PQ in each case. 


1/2 


HI 


Q 

Fig. 4.135 


£qA 


(*r + 0 


C. 


2d 
2£o£ r A 

d(£r~\) 


1 A 

b. —(£r - 1) 

a 


d. 


£o£ r A 

d(8, + 1 ) 


9. Find the capacitance across PQ in each case. 


4. What is the direction of the electrostatic force on (he di¬ 
electric slab while it is being inserted? 

a. The force pulls the slab into the capacitor. 

b. The force pushes the slab out of the capacitor. 

c. There is no electrostatic force on the slab. 

d. None of these 

5. Later the dielectric slab is removed. What is the direction 
of the electrostatic force on the dielectric slab while it is 
being removed? 

a. The force pulls the slab into the capacitor 

b. The force pushes the slab out of the capacitor 

c. There is no electrostatic force on the slab 

d. None of these 
For Problems 6-7 

Fig. 4.134 shows two capacitors in series, the rigid center section 
of length b being movable vertically. 


x 


a 


Fig. 4.134 



P 



Fig. 4.136 


£qA 


(&r T 1) 


C. 


2d 
2£o£ r A 


b. 


d. 


GqA is 

—r(£r “ 1) 

d 

£p £ r A 
d (s r T 1) 


d(£ r - 1) 

For Problems 10-11 

A 1 pF and a 2 pF capacitor are connected in series across a 

1200 V supply. 

10. The charged capacitors are disconnected from the line and 
from each other, and are now reconnected with terminals 
of like sign together. Find the final charge on each capac¬ 
itor and voltage across each capacitor. 

1400 s 


a. Charge 
'3200 s 


on capacitors: 


pC and 


(T) 


pC; potential difference across each 


capacitor 


-m 
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b. Charge on capacitors: 


1600 

3 


pC and 


/3200 \ 

I — — 1 pC; potential difference across each 
(1600 \ 


capacitor: 


V 


a. Charge on capacitors: 


\ 3 ; 

c. Charge on each capacitor is 1600 pC and potential 
difference across each capacitor is 800 V 

d. Charge and potential difference across each capacitor 
are zero 

11. If the charged capacitors are reconnected with terminals 
of opposite sign together, find the final charge and voltage 
across each capacitor. 

' 1400 \ „ 

—y I V C 3nd 

/ 3200 \ 

I —■ J pC, potential difference across each 

/1600\ 

capacitor: i —— J V 

/1600 \ 

b. Charge on capacitors: f —— j pC and 
/3200\ 

[ —— I pC; potential difference across each 

- 

capacitor: I —— I V 

c. Charge on each capacitor is 1600 pC and potential 
1 difference across each capacitor is 800 V 

d. Charge and potential difference across each capacitor 
are zero 

For Problems 12-14 

In the circuit shown (Fig. 4.137), when the switch S is closed, 
then find 


4pF 


Fig. 4.137 

12. the common potential difference across each capacitor 

a. 12 V b. 24 V c. 20 V d. 32 V 

13. the final charge on 4 pF capacitor 

a. 12 pC b. 24 pC c- 36 pC d. 48 pC 

14. the fraction of energy lost 

4 k 5 3 a 4 

8 ‘ 9 8 C ‘ 5 ‘5 

For Problems 15-17 

For the arrangement shown in Fig. 4.138, when the switch S is 
closed, then find 

15. the final charge on 6 pF capacitor 

a. 12 pC b. 24 pC c. 32 pC d. 48 pC 

16. the final potential difference across the 4 pF capacitor 

a. 12 V b. 8 V c. 20 V d. 32 V 




17. the final potential difference across the 12 pF capacitor 

c. 12 V d. 24 V 


a. 


— V 

3 


b .fv 


For Problems 18-21 

In Fig. 4.139, we charge a capacitor of capacitance C\ = 8.0 pF 
by connecting it to a source of potential difference Vo = 120 V 
(not shown in the figure). The switch S is initially open. Once 
Ci is charged the source of potential difference is disconnected. 


00 


A = 8.0 pF 


T 


Vq =^20 V 


“M 1 
1*1_J 


C\ ~ 4.0 jiF 


Fig. 4.139 

18. The charge Qo on Cu if switch S is left open, is 

a. 960 pC b. 360 pC 

c. 720 pC d. 520 pC 

19. The energy stored in C \, if switch S is left open, is 

a. 36 mJ b. 96 mJ c. 57.6 mj d. 24 mJ 

20. The capacitor of capacitance C 2 = 4.0 pF is initially un¬ 
charged. After we close switch S, the potential difference 
across C 2 is 

a. 80 V b. 48 V c. 36 V d. 72 V 

21. The total energy of the system after we close switch S is 

a. 72.6 mJ b. 48 mJ c. 38.4 mJ ' d. 12 mJ 


For Problems 22-23 
Each plate of a parallel 


plate 


air capacitor has area 
S = 5 x 10 ^ 3 m 2 and distance between the plates 
d — 8.80 mm. Plate A has positive charge q\ — +10 “ 10 C and 
plate B has charge <72 = +2 x 10 ^ 10 C, A battery of e.m.f. 
E = 10 V has its positive terminal connected to plate A and 
negative terminal to plate B. (Given eo = 8.8 x I0~ 12 ) 

22. Charge supplied by the battery is 

a. 120 pC b. 100 pC c. 60 pC d. 50 pC 

23. Energy supplied by the battery is 


a. 10 “ 9 J 
c. 50 x 10 ~ 9 J 

For Problems 24-26 
In Fig. 4.140, for each capacitor, find 
24. the charge in C 2 

a. 400 pC 


b. 5 x 10 “ 9 J 
d. 25 x 10 ~ 9 J 


c. 


/ 1000 \ ^ 

(—> c 


,(f) 


MC 


3 


d. 500 nC 
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C 2 =10pF 5 |iF 

rHI-IH 


-HI-- 

C[ = 4 (iF 

-IHi- 

100 V 

Fig. 4.140 

25. the potential difference across C 2 



26 . the stored energy in C 2 



For Problems 27-28 
Consider Fig. 4.141. 


4 



Fig. 4.141 


27. The equivalent capacitance between 4 and 5 is 



28. The capacitance between l and 3 is 



For Problems 29-31 
Consider Fig. 4.142. 

29. The charge appearing on C 2 is 



30. The potential difference Va — V B is 
I" C1C4 — C2C3 1 







B 


q' 


E 

Fig. 4.142 


b. E 


c. E 


d. E 


C1C4 + C2C3 

.(C1+C3XC2 + C4). 

C\ C 3 — C 2 C 4 
.(Ci+CO(C 3 + C 4 ). 

C 1C3 — C2C4 


_(C| + C 3 ) (C 2 -h C 4 ) J 
31. The condition for which the potential difference between 
A and B is zero is 

a. C 1 C 2 = C 3 C 4 b. C 1 C 4 = C 2 C 3 

c. C 1 C 3 = C 2 C 4 d. none of these 


For Problems 32-33 
Consider Fig. 4.143. 


Ci 


8pF 
4 jiF 


C 2 


Fig. 4.143 


32. The charge appearing on capacitor C\ is 

a. 16 pC b. 48 pC c. 32 pC d. 24 pC 

33. The potential difference across C 2 is 

a. 4 V b. (2 V c. 6 V d. 8 V 


For Problems 34-35 

C\ y C 2l C 3 and C 4 are four capacitors connected to a battery of 
constant e.m.f. equal to 12 V, as shown in Fig. 4444. Given 
C\ = 1 pF> C 2 — 2 pF, C 3 = 3 pF and C 4 = 4 pR 



C 2 C 4 
iiV | 


Fig. 4.144 

34. Find the charge on C\ when only Si is dosed. 

a. 16 jjC b. 9 pC 

c. 6 (jC d. 8 |jC 

35. If (he switch S 2 is also closed. Match the table 

a. (m. q) (n, r) (o, s) (p. t) 

b. (m, t) (n, s) (o, r) (p, q) 


.(Ci + C 2 KC 3 + C 4 ) 
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r' 


Capacitor 

Charge 

(m)C, 


) MC 

(n )C a 

(0 | 

fl2\ 

1 pC 

( 0 ) c 3 

(s) 1 

T 

1 nc 

(P) C 4 



pC 



Qi 



C 


T 


T* 

1 — 11 



V 


Fig. 4.147 


c. (m, t) (n, q) (o, s) (p> r) 

d. (m, r) (n, s) (o, t) (p> q) 

For Problems 36-38 

In Fig. 4.145, each capacitance C\ is 6.9 pF, and each capaci¬ 
tance is 4.0 pF. 


Ci 


C\ 


C, 



1 —11—' 

1 —II— 

Ciz 

= 

C\ i 

f—< 

-HI— 

!-II- 


c, Cl a c, 

Fig. 4.145 


36. The equivalent capacitance of the network between points 
a and b As 

a. 2.3 pF b. 6.6 pF c. 4.4 pF d. 8.8 pF 

37. The charge on C\ nearest to a when V a i> = 420 V is 

a. 840 pC b. 560 pC c. 600 pC d. 320 pC 

38. With 420 V across a and &, the value of (V t . — Vj) is 

a. 24.6 V b. 46.7 V c. 18 V d. 72 V 

For Problems 39-41 

Consider Fig. 4.146. 



39. In the circuit shown in the figure the switch can be shifted 
to positions 1 1 * and ‘2\ the charge on capacitor C\ when 
the switch is at position 1 T is 

a. 120 pC b. 240 pC c. 360 pC d. 80 pC 

40. Now, the switch is shifted to position *2’. The charge ap¬ 
pearing on capacitor C 3 is 

a. 225 pC b. 135 pC c. 270 pC d. 75 pC 

41. The charge on capacitor C\ is 

a. 225 pC b. 135 pC c. 270 pC d. 360 pC 

For Problems 42-43 

For the system shown in Fig. 4.147, capacitance is C. Left plate 
is given a charge Q\ and right plate is uncharged. Now, switch 
is closed. 


42. Find the amount of charge that will flow through the bat¬ 
tery before the steady state is achieved. 

a. CV b. CV-Qt 

c. CV + % d. CV - % 

2 2 

43. Find the charge appearing on the inner face of the left 
plate. 

a. CV - b. CV+Qi 

2 

c. CV + d. CV 

For Problems 44-45 

Consider the circuit shown in Fig. 4.148, after switch S is closed. 


4 pF 



44. What amount of charge will flow through the battery? 

a. 20 pC b. 60 pC 

e. 40 pC d. No charge will flow 

45. What amount of charge will flow through the switch? 

a. 20 pC b. 60 pC 

c. 40 pC d. No charge will flow 


Matching 
Column Type 


1. Two identical capacitors are connected in series and the 
combination is connected with a battery, as shown. Some 
changes in capacitor 1 are now made independently after 
the steady state is achieved, listed in column 1 . Some ef¬ 
fects which may occur in new steady state due to these 
changes on the capacitor 2 are listed in column II. Match 
the changes on capacitor 1 in column I with corresponding 
effect on capacitor 2 in column II. 
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Cap. 1 Cap. 1 

Fig. 4.149 


Column I 

Column II 

h A dielectric slab 
is inserted 

a. Charge on the capacitor in¬ 
creases 

ii. Separation be¬ 
tween plates 

increased 

b. Charge on the capacitor de- 
creases 

. lib A metal plate is 
inserted connect¬ 
ing both plates 

c. Energy stored in the capac¬ 
itor increases. 

iv. The left plate is 
grounded 

d. No change occurrs 


2. Observe the circuit in Fig. 4.150 and match the following 
(assume q\ q 2t and be the charges on three capacitors). 

C, * 2 pF C 2 = 4 pF 


10 V 20 V 

Fig. 4.150 


Column I 

Column II 

u (in pC) 

a. 50 

ii. <72 (in pC) 


iii. <73 (in pC) 

140 

C ' — 

iv. Potential difference across 6 pF ca¬ 
pacitor is (in volt) 

d.* 

3 


3. Five identical capacitor plates, each of area A > are ar¬ 
ranged such that adjacent plates are at d distance apart. 
Plates are connected to a source of e.m.f. V as shown in 
Fig. 4.15). Match the following: 



Column I 

Column II 

i. Charge on plate l 

a. — 2soA V/d 

ii. Charge on plate 4 

b. + £o A V jd 

iii. Potential difference between plates 

2 and 3 

c. zero 

iv. Potential difference between plates 

1 and 5 

d. V 


ANSWERS AND SOLUTIONS 


Subjective Type 


1 . a. 



2 

2 

4 




Fig. 4.152 


b. 



Fig. 4154 


Equivalent circuit 


32 


4 3 


Hh 

1 2 


Fig. 4153 
^ 2 C 2sqA 

Ccq = T " "37" 


Equivalent circuit 


o 



c 



cn 


Fig. 4155 
































































Capacitor and Capacitance 4.41 


Cec= rC = 


3 

Id 


c. 


r 




\t 


Fig. 4.156 




P{V 0 ) 

(O) 


Equivalent circuit 


23! 


21 y. 43 


Vo 


i: 


o 


45 


2 C 


21 


2C 


2/3C 

Fig. 4.157 

_ 5C _ 5 
Ceq = T 3 ~ 


2. a. Refer Fig. 4.158 


3 pF ^ 6 pF 


v* - v d = 

and 


6pF 3 pF 

Fig. 4.158 

x 360 = 240 V 
3 


6 + 3 

V a -V c = —— x 360 = 120 V 
M 5 -j- 3 

V c -V ti = V cd - 120 V 
b. Refer Fig. 4.159 

3 jiF 6jiF 



Fig. 4.159 


v a - V c = V a - V d = Vrf - V b = V, - v b 
_ 360 _jggy 
2 

i.e., the potential across each capacitor is 180 V 

c. From the two figures it is clear that a charge +540 juC will 

flow through the switch from C to D. 

720 pC 720 pC 

+ H- + 11 - 



Flg. 4.160 



+ + + ^ 




Fig. 4.161 

Plates can be rearranged as shown in Fig. 4.162. 

Plates 1 and 2 and plates 3 and 4 form two capacitors 
which are in series between A and B. Plates 2 and 3 do not 
form any capacitor as they are at same potential. 


+ — 
+ - 
+ - 
+ - 
+ - 
1 2 


+ - 
+ - 

+■ - 
+ — 
+ - 
3 4 


SO, Cpy-j 


Clc 2 

Ci + C2 


Fig. 4.162 

/ £qA \ /£ 0 ^ V 

J X ( 3d ) 


SqA EqA 
~d~ + ^d 


r - S ° A 
Ccq " 4d 

4. Let charge Q flows in the circuit on being completed as shown 
in Fig, 4.163. Applying Kirchhoff s voltage law, we can write 


AV a + AV fl = V c 

Q 


[ 100 -j^] + [ ,80 “^] = 


Q 


i.e., Q = 


2 x 10 
280 x 10' 6 x 6 


2 x 10- 6 


8 


= 210 pC 


a. So, the final charge on the three capacitors will be, 

Q.A = (^A^A)inilial Q 

= 100 x 3 x 10“ 6 - 210 x 10“ 6 = 90 pC 
Qb = (V'flC^^nitiai — Q 

= 180 x 2 x KT 6 - 210 x 10“ 6 = 150 pC 
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Fig. 4.163 

And Qc — Q — 210jnC 

b. Initial stored electrostatic potential energy 

= + \cbK 

= jx3x 10" 6 x (100) 2 + |x2x 1(T 6 x (180) 2 
= 4.74 x 10 -2 J 


Final stored electrostatic potential energy 

= Qi + Ql + Qi 

2 C A 2C B 2 C c 


_ (90 x 1(T 6 ) 2 (150 x 10“ 6 ) 2 , (210 x 10~ 6 ) 2 

~ 2 x 3 x 10 -6 + 2 x 2 x 
= 1.8 x 10“ 2 J 


= CV 

+ 




94=16CKZ=4C 


1 ■ T 

=r 4C ic ' 


92 = 4 CV 


4i = 9CV 


rl^ 


9\-1 

i 

R 


e 


.r<-r 


q 2 -q 


Ri~R 


1 


Fig. 4.164 

Applying loop law in abcda, 

<?i Zl I Si ~ 1 I to ~ i , ‘t ~ 1 = o 
C 2C 3C 4C 
Substituting values of <?i, 92 > and 94 , we get 

q = ~CV 


|AV|c = 
|AV| 2 c = 


5 

<?i -g ] 
C | 

<72 - <7 


2C 


5 


and 


I AV| jc = 
lAVUc = 


<?2 ~<? 
I 3C 


4C 


-Iv 

14 

" T v 


Charge on different capacitors are as shown in Fig. 4.165. 
-►down 



down 


◄-up 

Fig. 4.165 

6 . For Fig. 4.166(a) C«, = and g = C«,£ 


2 C + Cq 


g| = 


Cpg 

C + Cq 


and g 2 = 


Cg 
C + Co 


6 2 x 2 x 10- 6 

1 

1 

1 


~c Qi^iCi e = 

r=C £ = 

1 

2 ^= 6 l 221 

r J 


r HL J 


2Q\ 




S*—<h- 1 


Qi-Q 


(a) 


(b) 


Fig. 4.166 

Charge flown through battery on reconnection, as in Fig. 
4.166(b) 


Q = Q - Qi = Q~ 


CQ 


Cog 


C + Co C + Cq 


CoE r 
C + C 0 


Total energy on capacitors before and after reconnection 
is same. Hence, whole work done by battery will go in the 
form of heat. So, heat generated 

... _ CqE 2 (CH-Co)C C C 0 E 2 

= W b = qE = ^ . — X 


C + Co 

Alternatively: Heat = £ 


(2C + Co) 2 C 4- Co 

(Ag ) 2 _„ r(g-g 2 ) 2 ' 

2 C 




2C 
(2gi) 2 
2C 0 


C 0 2 g 2 


2 Cgg 2 
(C + C 0 ) 2 C ' C 0 [C + C 0 ] 2 

£ 2 CCo 


— o 


Cgg 2 


(C + Co ) 2 




( 2 C + C 0 ) 

7. Vertically cross-connected capacitors in the diagram are in¬ 
effective as they all are short-circuited. So, circuits can be 
redrawn as 

11111 
Hence, — = — + — + — + ” 




4C 3C 2C 

































































Capacitor and Capacitance 4.43 


or 


4 C 3 C 1C C 

Fig. 4.167 

c «> = i c = i x25 ^ F =l2flF 


Here, fibre and mica capacitors are in series, so charges 
across both are same. 


or Ccq = 12 pF 

8 . Maximum charge C\ can hold 

Qy=CyVy = 1 x 1 CT 6 x 6 x 10 3 
Ch = 6 x 10 - 3 C 
and maximum charge C 2 can hold 
Q 2 = C 2 V 2 = 2 x 10 “ 6 x 4 x 10 3 
Q 2 = 8 x 10r 3 C 

When connected in series, both will have equal charges 
and so each can have charge Q y which is smaller of the two. 
In this case: 

Voltage across C\ = 6 kV 

And voltage across 

Q\ 6 x I0 ^ 3 _ . __ 

Co = — =- t = 3 kV 

2 Q 2 2 x 10 " 6 

Maximum voltage across the system = 6 + 3 = 9 V 

9. When switch is opened, 2 and 3 pF capaitors are in series. 

2x3 6 „ 

SO, Ccq — ^ ^ ^ ^ 

Hence, charge flowing 
q = CV = ^ x 90 = 108 pC 


F 

U . 

^_k 





Fig. 4.169 

i.e., qp = qM , CmVm — CfVf 


or V M = 


CfVf 
Cm 
K p_ 
K m 




v F 


2.5 

or Vm = — 


dp 

1 x 10~ 3 


f n £oA 

JasC = — 


x 3.2 kV = 2kV 


0.5 x I0 " 3 
In series, V = V, + V 2 
i.e., V = V F + V M = 3.2 kV + 2 kV 
or V = 5.2 kV 

11. Let Ci = C and C 2 = 2 C and charges on different capacitors 
have been shown. Net charge on isolated system should be 
zero. 

Hence, qi — 92 — 93 = 0 


E- — - — =0 
1C C 


(i) 

(ii) 


30 V Z 

= q+Z 

= 2 M F 






4i 





43 = 
+ 

-ic 

6.0 v: 

- C- 

= 3 mF 






- 1 1 

E N E 


Fig. 4.168 


Fig. 4.170 

When switch S is closed, let^i 

and q 2 be charges on the F 43 / 

92 + 93 1 

= 0 (usn 

two capacitors. 


2C \ 

, c ) 



■ 9s) 


So, q\ = 2 x 30 = 60 pC 
42 = 3 x 60= 180 pC 

Let charge qa goes to the upper plate of 3 pF capacitor 
and lower plate of 2 pF capacitor. Initially, both the plates 
have charge +4—4 = 0 

Finally, they have charges 42 - 91 . 

So, 42 - 9i = 9 b + 0 
or q B = 42 - qi 

= 180 - 60 = 120 pC 

or qa = +120 pC 1 , 

10. The field between the plates of a parallel plate capacitor 

E = ^ or V = Ed. 

So, potential difference across fibre 
V F = E f x dp — 6.4 x 10 6 x 0.5 x 10 " 3 
= 3.2 kV 

So, qp — Cp x V F 
and qy = Cm x Vm 


OtE- 


43 

1C 


- q ±~ q ± = 0 


p 92 3 93 

E ~c~ic 

2 £ -? + 1 =° 

Solving (iii) and (iv), we get 

2C£ 


(iii) 


(iv) 


93 = 


93 


ICE 


So “ 2C “ 5 x 2C5 

So = 22 V 


7 


110 


22 V 


12. Charge across 5 pF capacitor =10 pC. 

/. Potential difference across 5 pF capacitor 
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q 10 x 10-6 
C 5 x 10 ~ 6 

As 3, 4 and 5 pF capacitors are in parallel, so potential 
difference across each of the them equals 2 V. 

Charge on 3 pF capacitor = CV = 3 x 10 -6 x 2 = 6 pC 
Charge on 4 pF capacitor = 4 x l0 -6 x 2 = 8 pC 
Total charge flowing in upper branch of circuit 


= 10 pC + 6 pC + 8 pC = 24 pC 
24 juC 


Potential difference across C% 


= 6 V 


4 pF 

Total potential difference across AB 
=6+2=8V 

Equivalent capacitance of lower branch of circuit 
6x3 * „ 

= 6T3 =2MF 

So, charge flowing -2 x 10 6 x 8 = 16 juC 
Potential difference between A and C 

— = — = 5,33 V 

3 pF 3 


13. When the key is open, 120 V is divided between Cy and C 2 
in the inverse ratio of their capacitances. 

120 

V\ = r x 3 = 72 V 


V 2 = 


2 + 3 
120 
2 + 3 


x 2 = 48 V 


qy =72 x 2= 144 pC 
and q 2 = 48 x 3 = 144 pC 

When the key is closed, let q x and q 2 be the steady charge 
on Ci and C 2 , Then, by the loop rule 

and 60 - „ , =0 =»■ q 2 = 180 pC 

3 x 10 -6 

Charge that flows through section 1 
= 144- 120 = 24 |iC 
Charge that flows through section 2 
= 180- 144 = 36 pC 
Charge that flows thorugh section 3 
= 24 + 36 = 60 pC 


14. The distribution of charge is shown in Fig. 4.171 in compli¬ 
ance with the point rule. Applying loop rules 
42 + 4a 
5 


-|- LL -(- = 0 

0.75 15 


^ 1 - 3 ^ 2 + 20^3 = 0 . 

42 + 43 _ 43 4i_ 

15 0.75 + 


43 


43 

0-75 


= 0 


=> 3^] — <72— 44^3 = 0 


23 _ 42 _ 42 + 43 


=n =o 


5 15 

345 = lq 2 + <73 

Solving for </|, q 2 and < 73 , we get 

19 x 345 13 x 345 


4i = 


92 


. <72 = 


92 


43 = 


P.D. between A and B = 


43 

0.75 


345 

92 


(i) 


(ii) 


(iii) 


345 

92 

i= sv 


P.D. between E and F is also 5 V but in the opposite direction. 


9i 9i+-43 



15. Q = 2i 4- Qi 

Loop ACDA: Q\ = Qi + Qs 

Loop DCED: Qj + Qi — Q 2 4- 2Q 2 = Q 2 — Q 3 

=> Q\ - 222+423 = 0 

=> 2i - 2 Q 2 + 4(Q] - C 2 ) = 0 

=>■ 5(2i = 6(22 => 62 = ll(2i 



Loop ADEBFA: 

CV = Q 2 + Q 2 — Q 3 + Q 3 =&CV-Q + Q 2 ~Q 3 

CV=Q + Q 2 -(Q\ - Q 2 ) 

CV=Q-Q i+ 2Q 2 
CV=Q - Q] +2(2 - 2i) 

CV = 3 (2 — 3 2 1 


62 

CV = 32 -3 x ~ = 

=> c M = -^ = lic 


-cq 

11 


V 15 


=> Ccq = — x 30 = 22 pF. 



Objective Type 



1. c. New charge resides only on the outer sufaces. 

_ . £0 A £0 A 2 £ 0 A 

2. D. C = -■ = --= - 

■ d-t d-d /2 t d 

Hence, capacitance is doubled. 

3. d. Let their potentials are same. 

V. = V 2 => = 2i*2 = 22*I 

K\ ti 2 

If potential are same, then no flow of charge will occur, oth¬ 
erwise charge will flow and there will be loss of energy. 

4. b. Potential oq 5 pF capacitor 



































Capacitor and Capacitance 4.45 


3x6 

3 + (2 + 5) 


1.8 V 


So, charge on this capacitor -CV-5 x 1.8 = 9 pF 

5. d. C 3 , C 5 and C& are in parallel and C 4 is in series with it. 
Then is in parallel and C\ is in series. 

6. a. In parallel, potential is same on each capacitor. 

7. d. In series, charge is same on each capacitor. 

8. b. Plate 2 and 3 will be at same potential. So, there will be 
two capacitors in parallel. 

9. b. 

Minimum number of capacitors is 4. 



Fig. 4.173 

10. d. C C q = C + 2 C + 3C + ■ ■ ■ + tiC 


(n + l)n 


11. a. As battery is disconnected, so charge wilt remain same. 
It is given that final potential is same. So, final capacitance 
should be equal to initial capacitance 


£qA 

d 




12 . 


13. 


14. 


(1.6+ d) - t(\ - \/k) 

=> K =5 

c. There are two capacitors in parallel. 

u = \cv 2 x = 1 ^- 

2 d 

c. The four plates are alternately connected. They form three 

capacitors in parallel. Capacity of each capacitor is So, 

d 

, . . 3eo A 

the net capacity is-, 

d 

b. As 00 ± 1 =00 

Therefore, if one link is reduced or added to the circuit, the 
capacitance remains unchanged. If C xy is equivalent capaci¬ 
tance between x and y, then the equivalent circuit is shown 
in figure. The capacitances C xy and C connected between A 
and B are in parallel. Their effective capacitance 


C 1 — C + C 


xy 


A 

T T* 


Fig. 4.174 

Now, C (connected between x and A) and Ci are in 
series. Therefore, effective capacitance between x and y 
r cc, , „ C(C + C xy ) 

■ xy ~ C + C\ ^ C+(C + C xy ) 


Solving for C xyn we get 


C X y — 


s/5 - 1 


C =0.618 C 


15. a. C, = 40 pF, C 2 = K x 40 = 3 x 40 = 120 pF 
C,C 2 


Ccq Ct + C 2 


40 x 120 _ _ 

40TT20 = 30MF 


16. 


a. C - —, find K/d for each. Capacitance will be 

d 

largest for which K /d is largest. 
eo-4 


17. d. C c<l = 


jLjLjL 

Yi + k 2 + k 3 


Here, K\ = K 3 = 1, K 2 = — 

£o 

18. b. Extra charge will flow through battery, so work is done by 
battery. External agent will do negative work. 

19. d. Here, battery is disconnected. 

20. d. Check each option separately. 

21. b. V - 0 = — = f^ b 

C k4nBo9b 




9 x 10 9 x 2.5 x 10“ 6 (0.13 -0.12) , 


32 x 0.13 x 0.12 


= 450 V 


a 2 f 1 11 

22. ---j 


e<sA C, e 0 A 
Cl = — C2 =- = — 


q = C\V = 




Solve to get, W = - 


£ 0 AV 2 


23. d, V = Ed. As d increases, V also increases. Note that E 

24. 

25. a. Vc = 


remains same. 

c .v A -jr-E.-jr = V B 

Cl C2 

CiVi 


Cl "h Cl . 

« = J(C,+C 2 )V| , 

26. d. V, = Q ' +Ql = CV + 2 £. V = JL. 

Ci + C 2 KC + 2C K + 2 

27. b. Capacitors B and C are in parallel, then A is in series. 


„ 2 x (3 4- 4) _ 14 n 

2 + (3 + 4) ~~ 9 ^ 


14 14 

Q = CeqV = —(7 - 6) = — pC 

Q will be divided between B and C. So, charge on B: 
3 x 14/9 2 ^ 

9 = TT4-=3 1,c 
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28. d. There will be n - 1 capacitors, all connected in parallel 


29. b. 6 = f + ^ 
2 4 


q = 6 pC 


\z7q 

H 1 —1=—I •- 

6 V " 6 V 

Fig. 4.175 


2 q 


30. a. V^0 = v = 3V 

4 

31. b. Potential across 6 jjF capacitor: 

12 x 24 


= 16 


Y common 

We know that 


V = 


C + KC 


37. d. Vi = -CE 2 + -CE 2 = CE 2 
2 2 

1 , 1 CE 2 

U S =-KCE'+- — 


+*»s 


~ I zfE> 


Vi_ 

Vj 


KH 

_ 2 x 3 _ _ 6 _ 
“ 3 2 + 1 ~ 10 = 
C x 100 

38. a. V, = ——- = 25 V 
3 C + C 

V 2 = 100 - 25 = 75 V 


2 K 

£ 2 + 1 



12 + 6 

=> V A -0=16 

=*V A = 16 V 

32. c. Initial charge on C\. Q\ = C\ V = 110 pC 

Let x charge flows through wires ——— = 

C\ Ceq 

K ^ Cj-Cj 

whereC -’ = GT^ 

33. b. In series, all the potentials will be added. 

34. c. At junction A, Q\ will divide into Q 2 and Q 2 . Hence, Qy 
- (h + 63 - 

C 2 and C 3 are in parallel, so potential on them will be same. 

V 2 = V 2 

V will divide into Vy and V 2 (or V 3 ) 

Hence, V = V, + V 2 
or V = Vi + V 3 

35. a.C = ^S^l 

In (bid) 

_ 3.5 x 2 tt x 8.85 x 10 “ 12 x 8 x 10 3 

" “ In (15/10) 

= 3.84 x 10 -6 F 

36. a. C, =C,V,= V 0 , C 2 = KC, V 2 = 0, and 

Vcommon = V 

C i V,+C 1 V 1 
Cj + c 2 

CVq + KC x O 


100 V 

Fig. 4.176 

39. b. ci — c, c 2 = KC, t)[ = 100 V 

V c = 20 V, V 2 = 0 

_ C x 100+ £C x 0 
C+KC 

K =4 

40. d. Start with C 3 and C 4 in parallel, then C 2 in series, then C 5 
in parallel, then C 1 , in series and finally C'g is in parallel. 

41. c. W = j-C [(2 V ) 2 - V 2 ] = lev 2 

2 2 

W' = ic [(4V ) 2 — (2V) 2 ] = 6CV 1 

„. = ^ =4W 
3 

42. b. A = 90 cm 2 , d = 2 mm 
E = j, V =400 V 

». 1(8.85, l<r»)0.177 

43. c. In series, potential is divided. 

44. a. 22 V get will divide into series combination of C 3 and C 4 . 

4 x 12 

45. b. Potential across 12 uF capacitor:- Vy = —- - ~ 3 F 

K 12 + 4 

12 x 12 

Potential across 4 pF capacitor: V 2 — _ , . —9V 


After redistribution: 
Charge on 12 pF> qy = ^ 


12 + 4 


C ] Vy + C 2 V 2 ' 
Cy + C 2 j 
3 + 4 X 9 


Ci 




54pC 


12 + 4 

Similarly charge on 4 pF = 18 jjC 

46. c. 1, 1 and 2 F will be in parallel. Their equivalent is 
1+1+2=4F 

1x6 

^=TT4 = l2v 

The same potential will be on A also. 



























Capacitor and Capacitance 4.47 


X 

X 


1 

X 


4 F 


pacitance 


(?) - 


V\ — Vd = 
Vd = 


C) + c 2 
C\ + c% 


1 


55. c. U = -CV Z 
2 

Potential of each capacitor now = V/2 

2 


-HIM 


56. a. Given = 10 

, eoA/2 4so(A/2) 

c= — + —r~ 




25 pF 


57. b. The whole amount of energy stored in capacitor will con¬ 
vert into heat. 

Heat = -CV 2 = - x 2 x 10 -6 x (100) 2 = 0.01 J 
2 2 

Q\ + O 2 i . 

58. d. V = ^ = 0 

C\ 4 - C 2 


A 30p -30p B 

o-—l -o 



-11+ c 

Fig. 4.178 

Final potential difference = zero 

Final energy = zero 

Charge flow 30 pC from A to D. 


59. a. C = = °- 5 

a 


New capacitance 


Fig. 4.177 

47. b. 2 F and 1 F will be in series. So, potential difference across 

48. b. The metal plate is equivalent to a dielectric of zero dielec¬ 
tric constant. 

49. b. Dielectric strength, it is the maximum electric field which 
a material can bear. 

50. d. As the capacitor is isolated, so charge will remain same. 
Now, as the separation between the plates is increased, ca- 

will decrease. 


C = 


A 


£qA 

~ 


d/2 d/2 

C' = Cx2.4= 1.2 pF 


1 


1 1 
L4 + 6-l 


60. b. c , = !£o^ + 3£oA/2 


C |j + |J = | x 0.5 = 1.25 fiF 


.. kQ kQ -kQ kQ 

61. a. V\ =- —,V 2 = —— + — 

ad b d 

2 47T£o 


C = 


V\-V 2 


V = ”, If C decreases, V increases. 

51. c. In series, all the potentials will be added. 

52. c. Wheatstone's bridge will be formed. 

53. a. 5 pF, 10 pF, 15 pF will be in parallel, then 30 pF will be 
in series. 

54. c. V] - V 2 will be divided between C\ and C 2 in series. 

Potential difference across C \: 

Ci(V } - V 2 ) 


1 1 2 

a b d 



62. b. Potential of larger capacitor after l sl charging 

(C + Co) 

After second charging 

CoVi 


V 7 = 


(C + C 0 ) 


After rv* charging, 
V, 


'-(cI5)' n 

X- 


C = C 0 


63 . + V 

C 2 C 

64. c. The whole amount of charge will flow to the shell. 

Q 2 Q 2 

Initial energy: V, = j^- = 

Final energy: I/j = 


Heat produced: U\ — U 2 = 


Q 1 


167TSo/? 
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65. d. Electric field due to large plates is uniform. We assume 
size of plates to be very large in comparison to the distance 
between them. 

Also, the charge density, on both plates is different. 

66. b. Electric field is the -ve of slope of V-x graph. Inside 
the conductor, electric field is zero, so slope of V-x graph is 
zero. Inside dielectric, field decreases, so slope decreases. 

O Q 

67 . c .o-^ + 10-£ = 0 


Q = 


20 C 20x6 


= 40 (iC 


68. a. F = Kx 


2 Ago 

bo A , 
0.8 d 1 


= K(0.2d) 


= 0.2 Kd 


69. b. 


2Aso 
K = 3.9s 0 -4E 2 /^ 3 
K ~ 4 s 0 AE 2 /d 2 


n Keov + b t so(l — vt)b 
C — ; “I" ' 


q = CV 

j _dq_ _ ydc 

dl dt 



1 


70. b. 2000 x 0.04 = -40 x 10" 6 V 2 
2 

V 2 = 4 x 10 6 V = 2000 V 


71. a. 


C,= 
C a = 

Cl - 


Ky £q A/2 


1. 

<4 I 
T 




KieoA/2 

t/2 

K iSo A/2 
t/2 


Fig. 4.181 

OP tP 


r 


f, 


I T c> L. 



OB 


8 pF 8 pF 8 pF 



74. d. Using the method of successive reduction (see Fig. 4.184). 
8 pF 4 pF 

AO —I h 


C 2 C 3 

Now, Ccq — Ci + —-— (see Fig. 4.181) 

+ C 3 

72. a. We can make equivalent circuit of given system in two 
ways as in Fig. 4.182(a) and (b). 

73. c. Using the method of successive reduction (see Fig. 4.183). 


-OB 


4 li? 

(d) 

8pF 8MF 

AO -1|-|h- OB 

(e) 
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AO- 


Hh 


-O B 


4pF 

(0 

Fig. 4.183 

75. b. The circuit given in Fig. 4.185 can be changed to the 
structure shown in Fig. 4.186. 


Multiple Correct 
Answers Type 


.. • ■ • 




i 




Po- 




-oQ 


(a) 


P 

•- 


1. b., c., d. As the switch is closed, the charge of outer 
surface of 2 ftd plate becomes zero. From the concept in 
electrostatics that electric field inside the bulk of the ma¬ 
terial of conductor is zero, we can find the charges, on 
various faces. 

So, it is clear that Q\ + Qi charge goes from 2 nd plate to 
earth. Charge of capacitor is Q\ and hence its potential is 

Qi 

ov 


— 11 —1 

c 

ov 


Q\ 


II 

1 g 

j 




#- 

1 

-Qi 

. 1 
] 

— II — 


; 

-Qi 

, 1 

C„ = 3C 






(b) 

Fig. 4.184 

76. a. A, C, and D are equipotential points (see Fig. 4.187). 

77. c. After closing S [, charge on C \: q = 6 x 20 = 120 pC 
Now, S\ is opened. On closing $ 2 , charge q will be distributed 
between Cl and C 2 according to their capacitances. 

C 2 q 3x120 


So, charge on C 2 :q 2 — 


C[ + C 2 3 + 6 


= 40pC 


1 HI— 


Fig. 4.185 




4C 4 C 

Fig. 4.187 


2 c 


4.188 

2. a., c., d. This system can be considered as two capacitors 
SqA KsqA 

in parallel, with Cl = —- and C 2 = ■ , ■ 

, 2d la 

Ci is due to upper half of two plates while C 2 is due to 
lower half. 

As potential difference across two capacitors are same, 
charge would be different as capacitors are different. 

Ci 


C2 


v 

4.189 

Co A . £qA 
3. a., b., c., d. C = —r—, C = - 3 — 
d\ d 2 

Extra charge flown = Q! — Q = (C* — C)V 

—ris-s] 

Work done by battery: 

. r 1. 1 " 

Wb = V x charge flown — e$AV l yr ~ ^ 
Change in P.E. of capacitor = A U = -(C — C)V l 


-MH] 


4. b., c. Initial condition just after connection of battery: 
• —— 

5 pF, 500 pC 

4.190 

Condition after a long time: 
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Comprehensive 

Type 


' HF, 500 mC 
“^ 1 =—| 


100V 

4.191 

It means battery supplies 1000 juC charge from its positive 
terminal and an equal and opposite charge enters from its 
negative terminal, i.e., charge flow through battery is 1000 
JJC. 

Work done by battery, WViery = I00V x 10 ;i jjC = 0.1.1 
From energy conservation law, V, + Wb Micr y = U/ 4- A H 
Vj = Vj so AH = 0.1 J : 

5. b., d. As the dielectric slab is pulled out, the equiv¬ 
alent capacity of the system decreases and hence charge 
supplied by battery decreases as potential of the system 
remains constant. It means charging of battery takes place 
and a positive charge flows from a to b. As the two capac¬ 
itors are connected in series, so charge on both capacitors 
remains same at all instants. 

""From energy conservation law, 

Vi 4- Wm =: £//+■ work done on battery + A H 
As dielectric slab is attracted by plates of capacitors, to 
pull it out F has to perform some work, i.e., 1^(70 > 0. 


5 pF, 500 pC 



' 100 V 


Assertion-Reasoning 

Type 


1. a. The maximum amount of charge we can give to a 
capacitor depends upon the geometrical factors. 

2. c. Capacitance is inversely proportional to distance be¬ 
tween the plates. 

3. a. Capacitanceof a capacitor does not depend upon charge 
but it depends upon geometrical factors. 

4. d. Let the electric field in regions I and II be E\ and . 
The potential difference across left half capacitor and half 
capacitor is same. Therefore, E\d — Eidi where d = in¬ 
ner planar gap. 

Hence, statement 1 is false, statement 2 is correct by def¬ 
inition. 

5. d. The electrostatic force on metal of capacitor 

1 

— pressure x area of plate = — A 

Since charge on metal plate of an “isolated” capacitor does 
not change, force on metal plate remain same. 

Electric field decreases due to induced charge in dielectric, 
but this dqes not affect the charge distribution on isolated 
metal plate. 

Capacitance increases, Q remains same. 



- ’> • 

cl i 



For Problems 1-2 


1. b„ 2, a. 

Sol. As radius of the balloon decreases, so capacitance also 
decreases. - 

But charge remains same, so energy increases. 

For Problems 3-5 
3. a,, 4. a., 5. a. 

Sol, Capacitance will definitely increase. As the battery is 
disconnected, force will remain same. Potential difference 
and energy will decrease. 

Charge on capacitor plates will apply pulling force on 
dielectric in both cases whether the dielectric is pushed or 
pulled. 

For Problems 6-7 


6. b.,7. a. 

Sol. The circuit is equivalent to two capacitors in series. 


C\ = 


. c 2 = 


6 qA 


(a — b — x) 


Ci C 2 

Fig, 4.192 

1 1 r t, . i 

—— = —- [a - b - x + x] = 


'-cq S 0 A 

r _ eoA 
cq (a-b) 


saA 


independent of x. 


We can reduce this structure in following circuit (Fig. 4.193). 


O'. - V) = (v i -v i ) c } — 

C] + C 2 



c 2 = 


SpA 

(a -b—x) 



Fig. 4.193 


BqA 


V ] -V=(V I - V 2 ) 


(a - b - x) 
fipA + cpd 
x a — b — x 


Hence, U decreases. 
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V ] -V = {V l -V 1 ) 


ia-b) 


V = V, - (V, - V 2 ) 


V = (V, + V 2 ) 


(a - b ) 


a — b 


For Problems 8-9 
8. a., 9. c. 

Sol. 


iB. \ _ l d f=f 

< ►« 77, ► L 


II 2 Q HI 


C, = 
C 2 = 


I 

T 


Fig. 4.194 

&o Sr^A/2) 

d 

so(A/2) 


C = C\ + C-i = (e r + 1) 
2 a 


07 


■ i ld!2 





pi 

1 

m 




C 3 


Fig. 4.195 


£qA 


^ ^ _ £ 0 £ r A 

Cl =-; C 2 = —r^-» c 3 — , 

x ^ /2 

2 

J_ + J_ 

C(vq C i C *2 C 3 


Cm — 


2eo£ r A 


d(fir-l) 

For Problems 10-11 
10. b.,ll.d. 

Sol. 


1 ^F 

-II- 
+ CD 


2 nF 




-11- 

1200 V 

Fig. 4.196 

|-|= 0 =4>4 = 800 jjC 


Charge on each capacitor = 800 pC 
q 800 

V\ = jr = tt = 800 V 

Ci 1 
a 800 

'' != i=- =4oov 



a. 

Also, 


Fig. 4.197 

q[+q' 2 = 1600 

ii -^=0 
1 2 

92 = 29i 


0) 


From (i), 3#| = 1600 => <?j = 


1600 


pc 


92 = 
V = 


3200 

3 

1600 


pC 

V 



GO 


+ i i _ 

Fig. 4.198 

From (ii), q\ = q 2 = 0. 

Therefore, potential difference across each capacitor = 0. 

For Problems 12-14 
12. a., 13. d., 14. a. 

Sol. 


q 0 = CV = 12 x 16= 192pC 
A9 
C 2 


(go - A g) Aq _ Q 



49 


j _ 9o 

=®(^)= 192 (^) =48mC 


1200 
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Common potential difference: 

576 

V = — = 12V 
4 


Fraction of energy lost: 

1 

_| 

Eo ' 


xC,V 0 2 


1 


^-C^ + ^CiV 2 


= ( Ci x i = (±\ (]1\ = 4 * 16 

. \C|+C 2 /VvJ \16/ \1.2/ 12x12 


k C| + Ci 

A E 4 

—=r = ^ 

£ 9 

For Problems 15-17 
15. c», 16. b., 17. a. 

Sol. 

In close loop, 

go ~ Ag Aq A q _ 

C, C 2 C 2 



192 \iC 


ic 2 = 4 M F 


C 3 = 6 jjF 

Fig. 4.200 


go 

Ci 


=i4 [^ + ^ + ^] 


Aq - 


go 


0 [^ + s + i] 


A<7 = 


192 


[1+3 + 2] 


A a 

P.D. across C 2 = — = 8 V • 


P.D. across Cj = 


(192-32) 

12 


= 32 pC 


160 _ 40 
12 “ 3' 


For Problems 18-21 
18. a., 19. c., 20. a., 21. c. 

Sol. Q 0 = Ci x V 0 = 960 pC 

i/ 0 = Ic, Vq=\ x 8 x 120 2 = 57.6 mj 


Qo_ 

'Q- 8pF 


120 V 


T_ J - 
P “I_T 


C 2 = 4 M F 


In close loop, 


(go - A g) Aq 

8 4 


(Co-*<?) 



-_A? 


go - 3A<? = 0 ! 


Fig. 4.202 

960 

Aq = ~= 320 pC 


Charge on capacitors, 

q\ — 640 pC, qi — 320 pC 
640 

Common potential, V = -g-,= 80 V 

C c q = 8 + 4 — 12 pF 

^ x 12 x 80 2 = 6 x 6400 

= 38400 pJ = 38.4 mJ 

For Problems 22-23 
22. b., 23. a. 

Sol. 

A B 


G,—Hxior'0 Qi-'Ax 10' 10 
= -50 pC = 50 pC 


Fig. 4.203 


C- 


fio A 


8.8 x 10" 12 x 5 x 10“ 3 


= 5 x 10“ 12 


8.8 x I0- 3 

Charge on plate after connection with battery 
q = C V = 5 x 10~ 12 x 10 

= 500 x 10~ 12 C = 50 pC 


4 .8 



10 V 

Fig. 4.204 

Charge supplied by battery, 

Aq = (50 + 50) pC = 100 pC 
Energy supplied by battery, 

f/ballery = Aq V = 100 X 10 = 100 pJ 
-- 10“ 9 J 


Fig. 4.201 
































Capacitor and Capacitance 4.53 


For Problems 24-26 
24. c., 25. b., 26. a. 

„ 10 „ „ 1000 „ 

Sol. Qi = — x 100 => Qz = —— MC; 

Qi = 4 x 100 — 400 pC 



HI-•-II---II-• 

3 C 3 C 3 02 

Fig. 4.207 


Q= 10pFCj = 5pF 


T 2 V 

- 


C, = 4 M F 


—IH »— 

100V 


Qi 10/3 pF 

-*■- 11 - 


Q\ 4 pF 

IHi- 


100 V 

Fig. 4.205 

Potential difference across 4 pF capacitor, 


Stored energy 


Q] 


Ui = £*- = 


U 2 = 


2C, 

QL 

2C 2 


(1000/3 ) 2 1 . T 

= Ti x 0 mJ 


= Ql = 

3 2 C 2 

For Problems 27-28 


2 x 10 
(1000/3 ) 2 
2x5 


= ixl0 5 pJ 


Take loop containing C\ , C 2 and E, 

JL . ± _ E = Q=i> a = r\ c ' Cl 1 

c, c 2 q Lci+c 2 J 

Similarly, from loop containing C 3 , C 4 and E , 

C 3 C 4 


Cl + c 4 E 0 ^ 9 £ 

Now, V A -V B = ^r-^r 
C 7 C 4 


C3 + C4 


= £ 


C 1 + C 2 


C3 + C4 J 

1/ _ r T C\C4 — C 5 C 2 ~| 

L(C 1 + C 2 )(C3 + C 4 )J 


Vi = 100 V 
„ 1000/3 100 

10 = 3 V 

c, c 3 

or — = — 

Ci C 4 

For Problems 32-33 

„ 1000/3 200 „ 

n = - = a v 

32. c.j 33..d. 

5 3 

Sol. 20-|-8-| = 0 

8 4 

(400) 2 _ 2 x 10 4 pj 

12-^=0 =► q = 32pC 

O 


C 2 )(C 3 + C 4 ). 
C] c 4 ~ C 2 C 3 = 0 


32 

Potential difference across C\ t V\ = — = 4 V 

8 . 

32 

Across C 2 , = — = 8 V 

4 

For Problems 34-35 
34. b., 35. c. 

Sol. When 5, is closed: - ^--^- + 12 = 0 


27. b., 28. c. 

Sol. 4, 2, 5 are equipotential points. 




-II- 

HI- 


-H- 

= 

3 C 

3 C 

5 

3 C/2 


:-II- 



— 11 — 1 


- 1 C J c 3 C/5 

Fig. 4.206 

1, 2 , 3 are equipotential points. 

For Problems 29-31 
29. b., 30. a., 31. b. 

Sol. Let charge be as shown. (Capacitors in series have the 
same charge.) 


4< 71 = 36 => 4 i = 9 pC 

~~ - ^ + 12 = 0 
4 2 

- 3<?4 + 12 x 4 = 0 <74 = 16 pC 

Ci = 1 |xF Cj = 3 pF 


T 




Ci«2(iF C.-4pF 

-h ^ 


F 0 =12V 

Fig. 4.208 

When S 2 is also closed: 


Ccq — 


3X7 21 o 

— “io“ F 
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21 126 ^ 
q = C^V = — x 12= — |jC 


C 3 




Ct 


-il- 

12 V 

Fig. 4.209 

C 3 


Charge on C 3 , q 5 =q 


126 3 54 

=> ?3 = —x- = T pC 

72 o 
q A =—\iC 

{ Cx \ _ 126 / 1 \ 
q ' U 1 +C 2 J 5 U+ 2 J 

42 ^ ' 

=► 41 = y pC 

126 /2\ 84 „ 

*“—(3) = y pC 

For Problems 36-38 
36* a*> 37. a., 38. b. 

Sol. Reducing the farthest right leg yields 

c =( —— H--- 1 -!—I = 2.0 pF = — 

V 6 . 0 mF 6 . 0 pF 6.0pF^ M 3 

It combines in parallel with a C 2 

C = 4.0 pF + 2.0 pF = 6.0 pF = Ci. 

So, the next reduction is the same as the first: C = 2.0 
pF = Ci/3. And the next is the same as the second, leaving 
3Ci’s in series. So, C tq = 2.0 pF = C]/3. 

For the three capacitors nearest to points a and b: 


Qc, = C*, V = (2.0 x 10 " 6 F)(420 V) = 8.4 x 10 " 4 C 


Qc 2 = C 2 V 2 = (4.0 x 10 " 6 F)(420 V)33 = 5.6 x 10"* C 


-4 


v “'=K 1 r v ) =46 ' 7V '- 


Since by symmetry the total voltage drop over the equivalent 
capacitance of the part of the circuit from the junctions be¬ 
tween c and d is (420/3) V and the equivalent capacitance is 
that of three equal capacitors C\ in series. V c d is the voltage 
over just one of those capacitors, i.e. 1/3 of 420/3 V. 

For Problems 39-41 
39* c*, 40. a., 41. b* 

Sol. When switch is in position 1 , 


30 —--— — 0 

20 30 


<7 = 


1800 



30 jiF 

Fig. 4.210 

Now, the switch is in position 2, 
q[+q'i= 360 

Loop ABCD , 

A +11- B 



_Si + * _0 

20 30 20 

—3#j — 2q\ + 3ft = 0 

3 

Sq\ = 3ft =* q[ = -ft 

5|>=360 

360 x 5 450 

® = " c 

/ 3 450 ^ 

<?; = -—- = 135 pC 

q 2 = 225 pC 

For Problems 42-43 
42. d., 43. d. 

Sol. Q = CV 

Charge flow: ^Q + Qi 


Q\ 


Qi 

2 


Q -Q 
C 

—li¬ 


ft 

2 


K 


V 

Fig. 4.212 


5 




















Q = cv 

For Problems 44-45 
44. a., 45. b 
Sol. C u j = j 

Q\ = Ccq V = ? x 15 = 40 pC 



Fig. 4.213 

Qi = 4x 15 = 60 pC 
Charge flow: Q 2 — Q\ = 60 — 40 = 20 pC 


Matching 
Column Type 


1 . i. a., c., ii. -> b., iii., -» a., c., iv. -> d. 

Sol. a. By inserting dielectric slab, capacitance of 1 increases 
thereby increasing charge on capacitor. Thus, more charge is 
flown through the battery. Energy stored in capacitor also 
increases. 

b. By increasing separaton between the plates, capacitance 
of C| decreases. Charge on C 2 also decreases. 

c. By shorting capacitor 1, only capacitor 2 remains in the 
circuit. Potential difference across C 2 increases thereby in¬ 
creasing charge on 2 as well as energy stored. 

d. By earthing plate of capacitor I, potentials will change but 
there will be no change in potential difference, making no 
overall change in the circuit. 

2 . -» b., ii. c., iii. -> a., iv. d. 

Sol. The charges on three plates which are in contact add 
to zero, because these plates taken together form an isolated 
system which cannot receive charges from the batteries. 


2 nF 4 pF 


+1 F- 

—=n r+— 




+ 

6 pF Z 

43 


10 v 

Fig. 4.214 
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Thus, 43 - q] - c /2 = 0 . (i) 

Applying Kirchhoff’s law in loop ABCFA and CDEFC 

-?-?+■ 0=0 


or 

<73 + 3qi = 60 

(ii) 

and 

20 - — - — = 0 



4 6 


or 

3^2 + 2 93 = 240 

(iii) 


Solving the above three equations, we have 

qi = 50 pC 

Potential difference across 


10 ^ 
= y 


140 „ 
Q 2 = y- pC, 


3. i. 
Sol. 


. = ? v 

b., ii. a., iii. d v iv, c. 



These five plates constitute four identical capacitors in par- 
£ 0 ^ 

allel, each of capacity —p. Now, as plate 1 is connected to 


positive terminal of battery and is apart of one capacitor only, 
so charge on k 


9i 



So,). —> b* 

However, the plate 4 is connected to negative terminal of 
battery and in common to two identical capacitors in parallel. 
2e 0 Al/ 


So, q 4 — -- 
Hence, ii. 


d 

a. 


From circuit, it is obvious that between the plates 2 and 3, 
battery is connected so potential difference will be V. Plates 
1 and 5 gets connected through connecting wire, so potential 
difference between 1 and 5 is zero. 

Hence, iii d. iv. c. 


20 V 
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A1.2 Physics for IIT-OEE: Electricity and Magnetism 

EXERCISES 


Objective Type 


Solutions on page AJ.44 


1. Three charges of equal magnitude q reside at the comers 
of an equilateral triangle of side length 2 m. Where must 
a —4q charge be placed so that any charge located at it 
experiences no net electric force? Let P be the origin and 
let the distance between the 4 -q charge and P be ] .00 m. 

a. (0,73) m b. (0,72)m 

c. (0.2 a/ 3)m d. (0,3)m 



2. A metal sphere having a radius r\ charged to a potential V] 
is enveloped by a thin-walled conducting spherical shell 
of radius r% t Determine the potential V) acquired by the 
sphere after it has been connected for a short time to the 
shell by a conductor. 



a. 


r\ 

V, 


b. 


d. 


V|£l 

n 

V\{r\ + r 2 ) 

n 


3. An insulated conductor initially free from charge is 
charged by repeated contacts with a plate which after each 
contact is replenished to a charge Q from an electropho- 
rus. If q is the charge on the conductor after the first op¬ 
eration , find the maximum charge which can be given to 
the conductor in this way. 

. Q<1 


c. 


Q + q 
Qq 

Q-q 


b. 


d. 


3 Qg 

2Q + q 

2Qq 
Q + q 


4. In the given circuit diagram (Fig. AL3), the switch Sw is 
shifted from position 1 to position 2. Then 


— II — 1 

* 

r*i— 

K 

_11_ 

2 

-1 


Fig. A1.3 

a. a charge of amount CE 2 will be supplied to battery 

1 9 

b. heat generated in the circuit is -CEj 

c. a charge of amount CE^ will be supplied by battery 
Ei 

d. heat generated in the circuit is -CE\E 2 

5. Find the electric dipole moment of a non-conducting ring 
of radius a t made of two semicircular rings having linear 
charge densities -A and +A as shown in Fig. A 1.4. 



a. 2 Ag 2 
c. A a 1 


b. 4Aa 2 

d. Isflka 1 


6 . Find the electric dipole moment of a non-conducting ring 
of radius a , having two quarter circular sections having 
linear charge densities A and —A and arranged as shown 



a. 2Acr 2 
c. ka l 


b. 4Aa 2 
d. Isflka 1 

7. For the phenomenon of “Electrostatic Induction'*, mark 
out the correct stalement(s). 
a. The magnitude of net induced charge is zero. 
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b. The magnitude of net induced charge is equal and 
opposite to the magnitude of inducing charge. 

c. The mass of the bodies change slightly. 

d. Electrostatic induction is a permanent effect. 

8. For the arrangement shown in Fig. A 1.6, mark out the 
correct statement(s). 

ic 

i 

' 1 

A ! B 

r ~ ' —i 

q \ q 

H- a -- a -H 

i 

!d 

Fig. A1.6 

a. For +ve test charge, P is a position of stable equilib¬ 
rium for displacement along AB. 

b. For +ve test charge, P is a position of unstable equi¬ 
librium for displacement along CD. ■ 

c. For -ve test charge, Pisa position of unstable equi¬ 
librium for displacement along AS. 

d. AH of the above. 

9. We can provide a non-zero net charge to a dielectric (non¬ 
conducting) sphere by a method of 

a. charging by rubbing 

b. charging by conduction 

c. charging by induction 

d. none of the above 

10. Electric field intensity due to a semi-infinite wire at the 
point P, as shown in the Fig. A 1.7, is 


Linear 
charge 
density, X 



Fig. A1.7 


a. 


A, ' A X A 

A- -; J 


An Sod 4jtco d " 

b. — - (1-sinjr/4)?+ k (cosyr/4)j‘ 

4nsod An Bod 

X A X 

c. ---(1 -hsin jt/4)/ + -- -(cosn/A)j 

Ane^d Ane^d 

X A X 

d. -- : sin7r/4t + —— -cosn/4j 


Ansod 


Anzod 


11. Two uncharged metal spheres A and B are in contact as 
shown in Fig. A1.8. A negatively charged rod is brought 
near to A, but not touching it. The two spheres are sepa¬ 
rated slightly and the rod is then withdrawn. 

As a result of this 

a. both the spheres acquire +ve charge 


b. both the spheres acquire -ve charge 


A B 



Fig. A1.8 


c. A acquires -ve and B acquires +ve charge 

d. A acquires +ve and B acquires -ve charge 


12. Charge is distributed uniformly on the surface of a spher¬ 
ical balloon (an insulator) with a point chaTge q inside. 
The electric force on q is greatest when 

a. it is near the inside surface of the balloon 

b. it is at the center of balloon 

c. it is anywhere inside (the force is same everywhere 
and is non-zero) 

d. it is anywhere inside (the force is zero everywhere) 

13. Charge is distributed on the surface of a spherical con¬ 
ducting shell with a point charge q inside. The electric 
force on q is greatest when 

a. it is near the inside surface of the shell 

b. it is at the center of shell 

c. it is anywhere inside (the force is same everywhere 
and is non-zero) 

d. it is anywhere inside (force is zero everywhere) 


14. An infinite long tube of semicircular cross section is given 
as shown in Fig. A1.9. One half of the tube is given a 

surface charge density +cr and the other half -u . E at point 
O , on the axis, would be [The point 0 is somewhere near 
the center on the axial line.] 


a. - 



c. 


ne o 

a a 

nso 


-+x 


b. 


d. 


a a 

a a cr a 

- 1 A - j 

nso n$o 


15. The electric potential in a certain region of space is given 
by V = -3x 2 -F 4jc, where x is in meters and V is in volts. 
In this region, the equipotential surfaces are 

a. planes parallel to XY plane 

b. planes parallel to YZ plane 

c. concentric cylinders with axis as X-axis 

d. concentric spheres centered at origin 
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16. Mark out the correct statement about the electric lines of 
force. 

a. The number of lines of force leaving a 4-ve charge or 
entering a-ve charge is proportional to the magnitude 
of charge. 

b. The path of a charge particle in an electric field is not 
always along the field lines. 

c. The direction of electric lines of force is along the . 
.normal to the equipotential surface. 

d. All of the above. 


17. Two hollow spherical conductors A and B are arranged 
as shown in Fig. A 1.10. Conductor B is initially (before 
connection of A and B) neutral and charge on A is Q. 



Fig. A1.10 

After connecting* the potential of B is 

Q 

a ‘ &7TE 0 (r + R) 

h Q 

AtzsqR . 

c. _ 

Ane§r 

d. Information insufficient 


18. A circular ring of radius R is having uniformly distributed 
charge Q . Find the flux crossing through a sphere of radius 
R having its center on the periphery of the ring. 


a. zero 


c. 


Q 


b. 


d. 


Q_ 

Ae 0 

Q_ 

3^o 


19. A point charge q is placed at the center of a closed cylindri¬ 
cal conductor of length l and radius R . The flux crossing 
through the conducting cylinder would be 


a ql 

‘ 2£ 0 [fl 2 +/ 2 /4] 1/2 ] 

c. _ q ± _ 

e 0 [ 7? 2 + / 2 / 4]‘/ 2 


b. zero 



20. A point charge q is placed at the center of an imaginary 
Gaussian surface as shown in Fig. A1.11. 

Find the flux crossing through the curved surface. 


a. zero 



l 

2*// 2 /4 4- R 2 



Z 

+z 2 /4 


d. 


ql 


2eo 



21. Consider a capacitor as shown in Fig. A1.12(a). If we pull 
the plates of capacitor apart to a final position as shown in 
figure (b), then we must perform some work against elec¬ 
tric force. For this situation, mark out the correct state¬ 
ments). [Take areas of plates as A] 




+ Q 




'V 

( a ) 


V 

(b) 


Fig. A1.12 


a 2 

a. Work done is-( d 2 — d\) and is stored in volume 

2 £qA 

A(dfi — d\). 

Q 2 

b. Work done is -f-(< d 2 ~ dy) and is stored in vol- 

2s 0 A 

ume Ad 2 . 

J . ,fio AV 2 (d 2 -d v \ A . t 

c. Work done is H--— ——— and is stored in 

2 V <hd 2 ) 

volume A(d 2 —d\). 

e 0 AV 2 ( <h 


d. Work done is 
ume A^ 2 * 


( , U> ) an ^ stored in vol- 
\ d\di / 


22. An isolated capacitor of capacitance C is charged to a 
potential V. Then, a dielectric slab of dielectric constant 
K is inserted as shown in Fig. A1.13. The net charge on 
four surfaces 1, 2, 3 and 4 would be, respectively, 


+ 






K 


\ 

- 

2 3 



Fig. A1.13 



a. 0, CV, -CV . 0 
L A CV -CV A 
b ‘ °* K ’ K ' 0 
c. CV.0,0, -CV 
-CV CV 


Fig. Al.ll 
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23. A parallel plate capacitor is completely immersed in a 
liquid dielectric having dielectric constant K as shown in 
Fig. A 1.14. Find the force acting on a unit surface of the 
plate from the part of liquid dielectric in contact with that 
plate. 


f 



Fig. A1.14 


Ke a V 2 

2 d 2 

KV 2 


c. 


s 0 (K - l)V 2 
2 d 2 K 
- 1)sqV 2 

2 d 2 ‘ . 2 d 2 

24. A cylindrical layer of a homogeneous dielectric with the 
dielectric constant K in introduced into a cylindrical ca¬ 
pacitor so that the dielectric fills the gap of width d be¬ 
tween the plates. Mean radius of the plates is R such that 
R » d> the capacitor is connected to a battery of emf V. 
Find the force pulling the dielectric inside the capacitor. 

g 0 (k - 
2 d 

eg(K - l)V 2 ft 

ltd 


a. 


c. 


e 0 (K -\)nRV 2 
d 

e 0 (Af — \)dV 2 
2 R 


b. 


d. 


25. Mark out the correct statement(s). 


a. Capacitance of an isolated sphere depends on its 
charge. 

b. Capacitance of a non-isolated sphere depends only 
on its shape and size. 

c. Capacitance of a non-isolated sphere is increased 
because of the presence of other conducting bodies 
nearby it. 

d. Capacitance of a conductor cannot be affected be¬ 
cause of the presence of other conducting bodies 
nearby it. 

26. Find the equivalent capacitance across A and B for the 
arrangement shown in Fig. A 1.15. 


HHHHHHHHH 


Elg.Al.15 

All the capacitors are of capacitance C. 
3C 
14 

3C 


a. 


c. 


16 


d. None of the above 


27. Three concentric spherical conductors are as shown in 
Fig. A1.16. Determine the equivalent capacitance of the 
system between A and B. 



a. 


b. 


c. 


d. 


Ansoctc 
c — o 
Atteq be 

c — b 
Ans^bc 

c — b 
AnEoac 
c — a 


+ 

+ 


Airs^ab 
b - a 
Ait soct be 
ab + c(b — a) 


+ AtCSqC 


28. Capacitor C\ is connected to a battery and charged till 
the magnitude of the charge on each plate is q§. Then, the 
battery is disconnected and C\ is connected to two other 
uncharged capacitors Ci and C 3 as shown (Fig. A1.17). Fi¬ 
nal charges on the capacitors (q \, 42 and 43 ) are related by 



Fig. ALU 


a. qo = q\ + <72 + 

b. q\ + qi + 93 = 0 

c. qo =q3+qi>q\=0 

d* qo = 4\ +q2>q2=q$ 

29. Two identical capacitors are charged to different poten¬ 
tials, then they are connected to each other in such a way 
that the sum of charges of plates having same polarity 
remains constant. Mark out the correct statement. 

a. Sum of charges of plates having negative polarity re¬ 
mains constant. 

b. Mean of individual final potentials is different from 
mean of individual initial potentials. 

c. Total energy stored in two capacitors in final state 
may be equal to that in the initial state. 

d. Heat dissipation in the circuit can be zero. 

30. Three concentric conducting spherical shells have radii r, 
2 r and 3r and charges q\> qi and q$, respectively. In¬ 
nermost and outermost shells are earthed as shown in 
Fig. A1.18. The charges shown are after earthing. Select 
the correct alternative. 
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a * *Z\ + qi — ~qi b. q\ — —qi 

qi l 

c. — = “ - d. None of these 

92 3 

31. If at distance r from a positively charged particle, elec¬ 
tric field strength and potential are E and V, respectively, 
which of the following graphs is/are correct? 



c. 


k 


^\X 2 
R 1 


d. 


k 


^1^2 

R 


34. If a positively charged pendulum is oscillating in a uni¬ 
form electric field as shown in Fig. A 1.20. Its time period 
as compared to that when it was uncharged 



a. will increase 

b. will decrease 

c. will not change 

d. will first increase and then decrease 


v v 



32. Two point charges are placed as shown in Fig, A LI 9. 
Mark out the correct option(s). 


A B 

i i 

41 j <72 

P 

Fig. A1.19 


a. If q y is displaced, then E at B changes instanta¬ 
neously. 

b. If q\ is displaced, then E at B changes after some 
time (very small). 

c. If q 2 is displaced, then E at P changes instanta¬ 
neously. 

d. If <71 and q 2 both are displaced, then E at P changes 
instantaneously. 


33. Two infinitely long parallel wires having linear charge 
densities A] and A 2 , respectively, are placed at a distance 
R . The force per length on either wire will be 


a. 


k 


2X[X 2 

~~R^~ 


b. k 


2Ai X 2 


35. A uniformly charged and infinitely long line having a lin¬ 
ear charge density X is placed at a normal distance y from 
a point O . Consider a sphere of radius R with O as center 
and R > y . Electric flux through the surface of the sphere 
is 

, 2 XR • 

a. zero b. - 

Sq 

IxJlP - y 2 -■ ■ ■ - kJP+y 1 

c> - d. - 

£q So 

36. A uniformly charged ring of radius 15 cm carries a total 
charge 60 pC. Where should a point charge 3 pC be kept 
on the axis of the ring so that it experiences maximum 
force? 

a. 15 cm from the center .. 

b. 13.8 cm from the center 

c. 10.6 cm from the center 

d. 7.5 cm from the center 

37. A point charge +£> is placed at the centroid of an equi¬ 
lateral triangle. When a second charge +Q is placed at a 
vertex of the triangle, the magnitude of the electrostatic 
force on the central charge is 8 N. The magnitude of the 
net force on the central charge when a third charge +Q is 
placed at another vertex of the triangle is 

a. ' zero b. 4 N 

C. 475 N 


R 


d. 8N 
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38. Five Styrofoam balls are suspended from insulating 
threads. Several experiments are performed on the balls 
and the following observations are made: 

(i) Ball A repels C and attracts B. 

(ii) Ball D attracts B and has no effect on E. 

(iii) A negatively charged rod attracts both A and E. 

An electrically neutral styrofoam ball gets attracted if 
placed nearby a charged body due to induced charge. What 
are the charges, if any, on each bail A, B, C, D, and El 

a. + — + O + b. + - + + O 

c. + - + O O d. — + — O O 

39. A charge Q is placed at a distance of 4 R above the center 
of a disk of radius R, The magnitude of flux through the 
disk is <j >. Now, a hemispherical shell of radius R is placed 
over the disk such that it forms a closed surface. The flux 
through the curved surface, taking direction of area vector 
along outward normal as positive, is 


f fi 


4 R 



Fig. AL21 


a. zero 
c. -<p 


b. 4> 
d. 2<j> 


40. Two very large thin conducting plates having same cross- 
sectional area are placed as shown in Fig. A1.22, They are 
carrying charges Q and 3 Q, respectively. 
y 

Q 3 Q 


->x 


(d, 0) (2d, 0) (2d, 0) 

Fig. AL22 

The variation of electric field as a function of x(for x = 0 
to x = 3d) will be best represented by 


ft 

E 


2d 2d x ■ 


2d 3 d x . 

b. 


ft 

E 


it 

E 


2d 3 d x- 


2 d 3 d x- 


d. 


41. The negative charge -42 is fixed while positive charge 
q\ as well as the conducting sphere ‘S' is free to move 
(Fig. A1.23). If the system is released from rest, 



Conducting 
shell *S* 


a. both S and q\ move towards left 

b. q j moves towards right while S moves towards left 

c. q\ remains at rest, S moves towards left 

d. both q\ and S remain at rest 

42. A charged particle of mass m = 2 kg and charge 1 pC is 
projected from a horizontal ground at an angle 0 = 45 ° 
with speed 10 ms -1 . In space, a horizontal electric field 
towards the direction of projection E = 2 x 10 7 NC" ] 
exists. The range of the projectile is 

a. 20 m b. 60 m 

c. 200 m d. 180 m 

43. A wire of linear charge density k passes through a cuboid 
of length /, breadth b and height h (/ > b > h) in such a 
manner that flux through the cuboid is maximum. The po¬ 
sition of the wire is now changed, so that the flux through 
the cuboid is minimum. The ratio of maximum flux to 
minimum flux will be 

V / 2 + _ v / 2 + P + /1 2 

*• —r~ ”• —k — 

c - rt - 

C ‘ V / 2 + b 1 ‘ V / 2 + & + ft 2 

44. A positively charged particle P enters the region between 
two parallel plates with a velocity w, in a direction parallel 
to the plates. There is a uniform electric field in this region. 
P emerges from this region with a velocity v. Taking C 
as a constant, v will depend on u as 



Fig. A1.24 


a. v - Cu b. v = -Ju 1 + Cu 

c. v d. v= 

45. Consider the situation shown in Fig. A1.25. We find elec¬ 
tric field E at point P using Gauss's law and it comes out 
to be E - <y/sQk This electric field is due to 

a. all the amount of charges present on both the plates 

b. all the charges present on positive plate only 

c. positive charge present only inside the Gaussian sur¬ 
face 
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d. positive charge present inside the Gaussian surface 
plus equal magnitude of negative charge present on 
negative plate in front of Gaussian surface 



+ 

+ +CT 
+ 

+ 

-<y- 


3 

t £ 

—►£ - 



^ i 

+ 

L i 

P 



Gaussian surface 


Fig. A1.2S 


46. Figure A1.26 shows three circular arcs, each of radius R 
and total charge as indicated. The net electric potential at 
the center of curvature is 


a. 


c. 


Q 

2neoR 

2Q 

neoR 


b. 

d. 


Q 

4tT£o^ 

Q 

71 EqR 



47. Electric field intensity at an equatorial point of a dipole 
[dipole moment p] is E> The angle between p and E is 

a. 90* b. 180° 

c. 0° d. none of these 

48. Four charges are placed at four comers of a square as 
shown (Fig. A 1.27). The side of the square is a. Two 
charges are positive and two are negative but their magni¬ 
tudes are same. Now, an external agent starts decreasing 
all the sides of the square slowly and at the same rate. What 
happens to the electrical potential energy of the system 
and what will be the nature of work done by the agent? 



Fig.A1.27 

a. Increases, positive 

b. Increases, negative 

c. Decreases, negative 

d. Increases, positive 


49. Given a metallic uniformly charged sphere. The radius of 
the sphere is increased keeping its potential same. What 
is the effect on the value of electric field intensity at its 
surface? 

a. Increases 

b. Decreases 

c. Remains constant 

d. Cannot say 

50. One-fourth of a sphere of radius R is removed as shown 
(Fig. A1.28). An electric field E exists parallel to x-y 
plane. Find the flux through remaining curved part. 


y 

* 



a. nR 2 E b. s/2n R 2 E 

c. n R 2 E/ sfl d. none of these 

51. At a distance r from a point located at origin in space, 
electric potential varies as V = 1 Or. Find the electric field 
at r = 3i + Aj — 5k. 

a. y/2 (3 1 +4 j- 5k) 

b. —Jl (3? + 4} - 5k) 

c. —Jl (3 1 + 4 j - 5k) 

d. None of the above 

52. A conducting spherical shell is earthed. A positive charge 
+q\ is placed at the center and another small positive 
charge +q 2 is placed at a distance r from q\ (Fig. A1.29). 
Ignore the effect of induced charge due to qi on the sphere. 
Then, the coulomb force on qi is 



a. zero 

q\42 

C ' An e 0 (r — R) 2 


. 4)42 

4 

d 4132 

4jt£q (r 2 — /? 2 ) 


53. In the above problem, if the conducting spherical shell is 
not earthed but is neutral, then the force on q 2 is 
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a. zero 


b. 


qm 


q\ 


4jT£o^ 2 
d. none of these 


" 4neo ( r — R) 2 

54. Two parallel conducting plates, each of area A, are sepa¬ 
rated by a distance d . Now, the left plate is given a positive 
charge Q. A positive charge q of mass m is released from a 
point near the left plate. Find the time taken by the charge 
to reach the right plate. 




Fig. A1.30 


a. 


/ 


3dmeoA 

qQ 

2dme$A 

qQ 


55. A uniform electric field of 100 Vm" J is directed at 
60° with the positive jr-axis as shown in Fig. A 1.31. If 
OA = 2 m, the potential difference V 0 — V A is 



a. 50 V 
c. 100 V 


b. 50 V 
d. -100 V 


56. A graph of the x-component of the electric field as a func¬ 
tion of x in a region of space is shown in Fig. A 1.32. The 
y and z components of the electric field are zero in this 
region. If the electric potential is 10 V at the origin, then 
potential at x = 2.0 m is 



a. 10 V 

c. -10 V 


b. 40 V 
d. 30 V 


57. An uncharged conductor A is brought near a positively 
charged conductor B . The size of the conductor A is much 
greater than the si 2 e of conductor fl. Then, 

a. the charge on B will increase but the potential of B 

will not change < 

b. \ the charge on B will not change but the potential of 

B will decrease 

c. the charge on B will decrease but the potential of B 
will not change 

d. the charge on B will not change but the potential of 
B will increase 

58. Inside a hollow conducting sphere, which is uncharged, 
a charge q is placed at its center. Let electric field at a 
distance x from center at point p is E and potential at this 
point is V. Now, some positive charge Q is given to this 
sphere, then 


jAdmsftA 

a. 

E will remain same 

V qQ 

b. 

E will increase 

c. 

V will decrease 

None of these 

d. 

V will remain same 



59. A charge particle moves in a circle around an infinite line 
charge with the center of circle at the line and line being 
perpendicular to the plane of circle. Let r is the radius of 
circle. The velocity of the particle depends upon which 
power of r. ^ 

a. 1 b. 2 

c. -1 d. None of these 


60. T\vo large plates are given the charges as shown in 
Fig. A1.34. Now, the left plate is earthed. Find the amount 
of charge that will flow from earth to the plate. 

10 \ic 4jic 


Fig. A1.34 

a. 14 juC b. -14 pC 

c. 7 pC d. -7 pC 

61. Three identical metallic plates are kept parallel to one 
another at separations a and b. The outer plates are con¬ 
nected to the ground and the middle plate is given charge 
Q (Fig. A 1.35). Then, charge on the right side of middle 
plate is 


Fig. A1.32 
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66. Six plates of equal area A and plate separation as shown 
(Fig* A 1.38) are arranged. Equivalent capacitance be¬ 
tween A and B is 


a. QI2 
Qb 


b. - 


c. 


Qb 
a + b 
Qa 


a + b 


a+b 



Fig. A1.35 

62. An electric dipole consists of charges ±2*0 x 10“ 8 C sep¬ 
arated by distance of 2*0 x 10 -3 m. It is placed at a dis¬ 
tance of 6 cm from a line charge of linear charge density 
4.0xl0 -4 Cm -1 as shown in Fig. A1.36, such that the 
dipole makes an angle of 6 = 60° with line AB . Find the 
force acting on the dipole. 


6 cm 




Fig. A1.36 

b. 1.8 N 
d. None of these 

63. A16 pF capacitor, initially charged to 5 V, is started charg¬ 
ing at t = 0 by a source at the rate of 40 1 pCs _i . How long 
will it take to raise its potential to 10 V? 

a. 1 s b. 2 s 

c. 3 s d. None of these 

64. Find the equivalent capacitance betv ?en C and B . 


a. 0.012 N 
c. 0.04 N 


4 jiF 2 |iF 12 |iF 

HI— z —I 

P q r 

Fig. A1.37 


b. 5/6 pF 
d. None of these 


a. 6/5 pF 
c. 4 pF 

65. A parallel plate capacitor of capacitance 10 pF is con¬ 
nected across a battery of emf 5 mV. Now, the space be¬ 
tween the plates of the capacitor is filled with a dielectric 
material of dielectric constant K = 5. Then, the charge that 
will flow through the battery till equilibrium is reached is 

a. 250 pC b. 250 nC 

c. 200 nC d. 200 pC 



a. 


c. 


£o A 

d 

3 So A 


b. 


d. 


2 A 
d 

£o A 

Ad 


67. If area of each plate is A and the successive separations 
are d y 2d , and 3 d> then equivalent capacitance across A 
and B is 

Sq A L 


a. 


c. 


6d 

3 £o A 
Ad 


b. 


d. 


Ad 
sq A 

3 d 



68. Three plates A, £, and C, each of area 50 m 2 , have sepa¬ 
ration 3 mm between A and B and 6 mm between B and 
C. The energy stored when the plates are fully charged by 
a 12 volt battery is ; 


a. 2 pj 
c. 5 pJ 


b. 1.6 pJ 
d. 3.2 pj 


A- 

B- 

c- 


12V 


Fig. A1.40 

69. A circuit has a section AB shown (Fig. A1.41). Potential 
difference between the points A and B (i.e., Va - Vb) 
equals 5 V. The voltage across 2 pF capacitor is 

a. 5 V b. 10 V c. 15 V d. 


zero 


HI 


E= 10 V 

—*1— 


HI 


C|-2 |iF C 2 ~ 2 |iF 

Fig. A1.41 

70. In the circuit shown (Fig. A 1.42), equivalent capacitance 
between the points X and y is 
a. 2 pF b. 3 pF 


c. 4pF 


d. 5 pF 
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2 pF 


4 pF 


r 


\- 


l 


4 pF 


X 2,,F X 

Fig. A 1.42 

71. An electric dipole is placed at origin in the x-y plane with 
its orientation along the positive *-axis. The direction of 
electric field 

a. at (—*o, 0, 0) is along the positive jc-axis. 

b. at (0, yo, 0) is along the negative x-axis. 

c. at (0, 0, zo) is along the negative x-axis. 

d. all the above. 

72. For the arrangement shown in Fig. A 1.43, identify the 
correct statement. 

^ <f> + 20 V 
J 10V 


lb 


4 pF 


D 


12 (IF -xp 10 V 
C 


Fig. A1.43 

a. the charge on the 12 pF capacitor is zero. 

b. the charge on the 12 pF capacitor is 30 pC. 

c. the charge on the 4 pF capacitor is 30 pC. 

d. none of these 

73. The electric field in a region is given by 

Eqx -> 

~r 


E = 


Find the charge contained inside a cubical volume 
bounded by the surfaces x = 0, x = a, y = 0, y = a, 
z = 0 and z = a. Take E 0 = 5 x 10 3 N/C, / = 0.02 m 
and a = 0.01 m. 

a. LI x 1(T 12 C b. 2.2 x 10“ J2 C 

c. 4.4 x lO~ n C d. 5.5 x 10“ ,2 C 

74. Three identical metal plates with large surface areas are 
kept parallel to each other as shown in Fig. A 1.44. The 
leftmost plate is given a charge Q , the rightmost a charge 
“2 Q and the middle one remains neutral. Find the charge 
appearing on the outer surface of the rightmost plate. 

Q -2Q 


Fig. A1.44 

b. (2Q c. tQ 


d. tQ /2 


v±r 



Fig. A1.45 

75. The particle P shown in figure has a mass of 10 mg and a 
charge of —0.01 pC. Each plate has a surface area 10 -2 m 2 
on one side. What potential difference V should be applied 
to the combination to hold the particle P in equilibrium? 

a. 43 mv b. 35 mv c. 50 mv d.' 55 mv 

76. Figure AL46 shows two. identical parallel plate capaci¬ 
tors connected to a battery through a switch S. Initially, 
the switch is closed so that the capacitors are completely 
charged. The switch is now opened and the free space be¬ 
tween the plates of the capacitors is filled with a dielectric 
of dielectric constant 3. Find the ratio of the initial total 
energy stored in the capacitors to the final total energy 
stored. 




T 

L 




~L‘ 

J 


Fig. A1.46 


a. 9 : 16 
c. 2:3 


5:9 
3 : 5 


77. Find the charge appearing on each of the three capacitors 
shown in Fig. A1.47 as Ca, Cb, Cc 


12 V 


C,..8H F 


I 


Eq —p 4 pF 


~\s° 

4=4pF 


Fig. A1.47 

a. 60 pC, 20 pC, 30 pC 

b. 50 pC, 12 pC, 10 pC 

c. 48 pC, 24 pC, 24 pC 

d. 40 pC, 30 pC, 30 pC 

78. Two condensers C\ and C 2 in a circuit are joined as shown 
in Fig. A 1.48. The potential of point A is Vi and that of 
B is V 2 . The potential of point D will be 


D 


V\ 


C, C, 

Fig. A1.48 - 


Vi 


a. -M + V 2 ) 


c. 


C|V, + C 2 V 2 


CiV»+CiVi 

Ci + c 2 

C 2 Vi-CiVa 


a. tQ/4 


C 1 + C 2 


Ci + c 2 
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79. Two identical capacitors have the same capacitance C . 
One of them is charged to potential Vi and the other to V 2 . 
The negative ends of thecapacitors are connected together. 
When the positive ends are also connected, the decrease 
in energy of the combined system is 

a. ic(V, 2 - V 2 2 ) b. l -C(V} + Vi) 

c. IC(V, - V 2 f d. -C(V, + V 2 f 

4 4 

80. A point charge q is situated at X between two paral¬ 
lel plates which have a potential difference V and carry 
charges +Q and —Q. What is the electric field strength 
at *? 


1+ + + -H- + + + -H+ + H -, 


Fig.Al.49 


y 

a ‘ d 
c Q 

4tteo a 1 


b. 


d. 


Yl 

d 

q Q 


81. In the circuit shown, a capacitor of capacitance 3 pF is 
charged form a battery of e,m.f. 6 V with switch connected 
to terminal P. The switch is now connected to Q. This 
charges the 6 pF capacitor from the 3 pF one. What is the 
new potential difference across combination? 


a. IV 



d. 6V 


82. In the given arrangement of capacitors 6pC charge is 
added to point A. Find the charge on upper capacitor. 


I-III"' 

=p3 C 

I—II—4—11—| 

\2C A 1 Cj^ 

Fig. A1.51 

a. 3 juC b. 1 juC 

c. 2 ju C d. 6 juC 

83. TWo capacitors A and B with capacities C\ and C 2 are 
charged to potential difference of V[ and V 2y respectively. 
The plates of capacitors are connected as shown in figure 
with one wire from each capacitor free. The upper plate 
of A is positive and that of B is negative. An uncharged 
capacitor of capacitance C 3 and lead wires falls on the 
free ends to complete circuit, then 


d 1 c 


a = 
bTA 


rp 


Fig. A1.52 


a. final charge on each capacitor are same to each other 

b. the final sum of charge on plates a & d is Cy Vy 

c. the final sum of charge on plates (b) and (g) is 
C2V2 — C[V[ 

d. both (b) and (c) are correct 


84. Two point charges q and 4 q are held at a separation r. 
The electric field due to them is zero at a distance 

a. from charge 4 q 


b. - from charge 4q s 

c. from charge 4 q 

, 


85. A parallel plate capacitor C is equally filled with parallel 
layersof materials of dielectric constants and A^Then 

the ratio of new capacitance to the previous capacitor is 


2ATj K 2 

a ' k x + k 2 
b. K { + K 2 
K x K 2 

C ‘ Ki + K 2 
d. none of the above 


86. The time period of simple pendulum of charged bob is 
T as shown in the Fig. A1.53. Now a massless charge q 
is placed at point B> and time period of oscillation is T\ 
then 




a, r > T 
c. r = T 


+ Q[ + s? 

(0 00 

Fig. A1.53 


b. T! < T 

d. can’t say 


87. A long string with a charge of X per unit length passes 
through an imaginary cube of edge a. The maximum flux 
of the electric field through the cube will be 


Xa 

a. — 

6Xa 2 
c, - 

£0 


b. 


d. 


V 2 Xa 
£q 

a/3 Xa 
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88. A conducting shell of radius a and charge Q is concentric 
with a solid sphere of charge Q and radius b(b < a ), then 
the electric potential at distance r{b < r < a) from the 
centre is 


a. KQ 

b. KQ 



*« G + ;) 

d. where k = —!— 
a Atzeq 


89- An of particle passes rapidly through the exact centre of 
a hydrogen molecule, moving on a line perpendicular to 
the internhclear axis. The distance between the nuclei is 

b. Where on its path does the a particle experience the 
greatest force? Assume that the nuclei do not move much 
during the passage of the a particle. Also neglect the elec¬ 
tric field of the electrons in the molecule. 



+ 2e 

• ■> 

ct particle 


+ Q. 


-ri 


\ 1 1 

\ f-"7- 


Hy molecules 


Fig. A1.54 


b ‘ 2V2 

d. none of above 


90. In the given electric field E = \<x(d + x)l + Eqj] N/C; 
where a = 1 N/C hypothetical closed surface is taken as 
shown in Fig. A 1.55. The total charged enclosed within 
the close surface is: 


y 



a. 


abc £q 
2 


c. 


abd £0 

" 2 


b. 


acd Co 
2 


d. none of above 


91. A spherical conductor A contains two spherical cavities. 
The total charge on the conductor itself is zero. However, 
there is a point charge q^ at the centre of one cavity and 
q c at the centre of the other. A considerable distance r 
away from the centre of the spherical conductor, there is 
another charge qj. Force acting on q\> y q c and qd are 
F\y F 2i and respectively. [Assume all charges are pos¬ 
itive] 


/ 



a. F{ < F 2 < F$ b. F[ = F 2 < F 3 

c. F[ = F% > F 3 d. F\ > F 2 > F$ 


92. Three infinite plane have a uniform surface charge distri¬ 
bution a on its surface. All charges are fixed. On each of 
the three infinite planes, parallel to the y-z plane placed 
at x = —a y x = 0 and x = a t there is a uniform surface 
charge of the same density, a , The potential difference 
between A and C is 


y 



a. 

c. 



U. - u 

SO 

d. none of above 


93. A capacitor of capacitance C is charged to a potential dif¬ 
ference of Vo. The charging battery is disconnected and the 
capacitor is connected to a capacitor of unknown capac¬ 
itance x. The potential difference across the combination 
is V. The value of x should be 


a. 


c. 


C(Vo-V) 

V 

cv 

Vo 


C(V-Vo) 


d. 


CVp 

V 


94. In the circuit shown in Fig. A1.58, charge stored in capac¬ 
itor of capacitance 3pF is 

a. zero b. 40 juC 


c. 60 pC 


d. 90 pC 
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30 V 


3 jiF 


6 jiF 


X 


Fig. A1.58 


95. A photographic flash units consists of a xenon filled tube. 
It gives a flash of average power 2000 W for 0.04 sec. The 
flash is due to discharge of a fully charged capacitor of 
40 pH The voltage to which it is charged before a flash is 
given by the unit is 

a. 1,500 V b. 2,000 V 

c. 2,500 V d. 3,000 V 

96. In the circuit shown equivalent capacitance between the 
points X and Y is: 



Fig. A1.59 

a. 2 pF b. 3 pF c. 4 pF d. 5 pF 

97. A parallel plate capacitor is connected to a battery. The 
plates are pulled apart with uniform speed. If x is the 
separation between the plates, then rate of change of elec¬ 
trostatic energy of the capacitor is proportional to 

2 11 
a. a b. x c. - d. —r 

x x l 

98. Find equivalent capacitance between A and B . [Assume 
each conducting plate is having same dimensions and ne¬ 
glect the thickness of the plate, = 7 pF [where A is 

a 

area of plates, A > > d\ 



Fig. A1.60 


a. 7pF b. 11 p F 

c. 12 pF d. 15 pF 

99. If the plates of a parallel plate capacitor are not equal in 
area, then 

a. quantity of charge on the plates will be same but na¬ 
ture of charge will differ 


b. quantity of charge on the plates as well as nature of 
charge will be different 

c. quantity of charge on the plates will be different but 
nature of charge will be same 

d. quantity of charge as well as nature of charge will be 
same 

100. Electric charges q y q y —2 q are placed at the comers of 
an equilateral triangle ABC of side /. The magnitude of 
electric dipole moment of the system is 

a. ql b. 2 ql 

c. y/3ql d. ql 


101. How does the electric field strength vary when we enter a 
uniformly charged spherical cloud? 


a. Decreases inversely as the square of the distance from 
the surface 

b. Decreases directly as the square of the distance from 
the surface 

c. Decreases directly as the square of the distance from 
(he center 

d. Decreases directly as the distance from the center or 
E <xr 


102. A ring of radius R carries a charge +q. A test charge — qo 
is released on its axis at a distance from its center. How 
much kinetic energy will be acquired by the test charge 
when it reaches the center of the ring? 


a. 1 m 

Attso R 

c . 1 m 

4;r£o 


b. — 222 
Ajzso 2 R 

d. -L?™ 

4tt£q 3 R 


103. Two points are at distances a and b (a < b) from a long 
string of charge per unit length A.. The potential difference 
between the points is proportional to: 


a. b/a b. b 2 /a 2 

c. *JbJa d. log (b/a) 


104. When two uncharged metal balls of radius 0.09 mm each 
collide, one electron is transferred between them. The po¬ 
tential difference between them would be: 
a. 16 pV b. 16 pV 

c. 32 pV d. 32 pV 


105. In a certain charge distribution, all points having zero po¬ 
tential can be joined by a circle, S . Points inside S have 
positive potential, and points outside S have negative po¬ 
tential. A positive charge, which is free to move, is placed 
inside S 

a. it will remain in equilibrium 

b. it can move inside 5, but it can not cross S 

e. it must cross S at some time 

d. it may move, but will ultimately return to its starting 
point 
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106. A charge +4 is placed at each of the points x = x Q > x = 
3 ^ 0 , jc = 5*o at infinitum on the x-axis, and a charge— q is 
placed at each of the points * = 2 *o, * = 4x 0> x — 6*0 at 
infinitum. Here, *0 is 0 positive constant. Take the electric 
potential at a point due to a charge Q at a distance r from 
it to be Q/4nsor. Then the potential at the origin due to 
the above system of charges is 

a. 0 

b . _«_ 

87 rso*o log 2 

C. CO 

d R log 2 

4 it £ 0*0 

107. A long string with a charge of X per unit length passes 
through an imaginary cube of edge a . The maximum flux 
of the electric field through the cube will be 

a. \o/£q b. J2Xa/£o 

c. 6\a^/£o d. tjika/eo 

108. A spring block system undergoes vertical oscillations 
above d large hori 2 ontal metal sheet with uniform pos¬ 
itive charge. The time period of the oscillation is T. If the 
block is given a charge g, its lime period of oscillation 
will be 

a. T 

b. > T 

c. < T 

d. > T if Q is + ve and < T if Q is — ve 


109. The potentials of the two plates of capacities are +10 V 
and —10 V. The charge on one of the plates is 40 C. The 
capacitance of the capacitor is 

a. 2 F b. 4 F ■ 

c. 0.5 F d. 0.25 F 

110. The capacity of parallel plate capacitor in air and on im¬ 
mersing it into oil is 50 pF and 110 pF respectively. The 
dielectric constant of oil is 

a. 0.45 b. 0.55 

c. 1.10 d. 2.20 


111- An air parallel plate capacitor has capacity C. When dis¬ 
tance between plates is doubled and capacitor is emerged 
in water the capacity get doubled then dielectric constant 
of water is 

a. 1 b. 2 c. 3 d. 4 

112. A thin aluminium sheet is placed between the plates of a 
parallel plates capacitor. Its capacitance will 

a. increases 

b. decreases 

c. remain same 

d. become infinite 


113. A fully charged capacitor has a capacitance C. It is dis¬ 
charged through a small coil of resistance wire embedded 
in a thermally insulated block of specific heat capacity s 
and mass w. If the temperature of the block is raised by 
7, the potential difference V across the capacitance is 

ms AT 12ms AT 

*■ — h - is~ 

!2msCAT , mCAT 

c. J - d. - 

Vs s 


114. A capacitor of 2.5 pF is charged through a resistor of 
4 M£2. In how much time will potential drop across ca¬ 
pacitor will become 3 times that of resistor (In 2 = 0.693) 

a. 13.86 s b. 6.93 s 

e. 1386 s d. 69.3 s 


115. The work done in placing a charge of 8xl0 18 coulomb 
on a condenser of capacity 100 micro-farad is 

a. 32x 10" 32 joule 

b. 16xl0" 32 joule 

c. 3.1 x 10“ w joule 

d. 4x 10" 10 joule 

116. A 40 pF capacitor in a defibrillator is charged 10 3000 V. 
The energy stored in the capacitor is sent through the pa¬ 
tient during a pulse of duration 2 ms. The power delivered 
to the patient is 

a. 45 kW b. 90 kW 

c. 180 kW d. 360 kW 


117. Three charges q,q, and —2 q are fixed on the vertices of 
an equilateral triangular plate of edge length a. This plate 
is in equilibrium between two very large plates having 
surface charge density o\ and o 2> respectively. Find time 
period of small angular* oscillation about an axis passing 
through its centroid and perpendicular to plane. Moment 
of inertia of the system about this axis is L 


a. 2n 

C. 27T 


/ 


S(jl 


qa\o\ - < 72 1 


2e 0 / 


*fiqa\o\ — <r 2 1 


b. 


d. 


2jc 


2 t r 


/ 

/ 


Sol 

2qct\<r\ - o 2 \ 
2 bqI 

qa\a } - a 2 \ 


118. The capacitor plates are fixed on an inclined plane and 
connected to a battery of e.mi. £. The capacitor plates 
have plate area A, length / and the distance between them 
is d . A dielectric slab of mass m and dielectric constant 
K is inserted into the capacitor and tied to a mass M by 
a massless string as shown in the figure. Find the value of 
M for which the slab will stay in equilibrium. There is no 
friction between slab and plates. 

m E^SoA(k ~ 1 ) 
a. —h- 

2 2 Lgd 

m E 2 soA(k - 1 ) 

‘ 2 2 lgd 
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m E 2 eoA(k — 1 ) 

c. —h- 

2 Igd 

, m E 2 e^A{k — i) 

d ‘ 2 lid 

119* Two plates, each of area A are placed parallel to each 
other at a distance d. One plate is connected to a battery 
of e.m.f. E and its negative is earthed. The other plate is 
also earthed. The charge drawn by plate is 


a. B = 2B 0 , v = 2vo 

b. B = 2Bo> v = vq 

c. B = Bo, v = 2no 

d. B ~ Bo/2 , v = 2vo 

122. An electron moves in a uniform magnetic field and fol¬ 
lows a spiral path as shown in Fig. A 1.64 Which of the 
folllowing statements i$/are correct 



Fig. A1.64 


a. Angular velocity of electron remains constant. 


120 



Fig. A1.62 


2 e 0 AE 
a ‘ d 

. soAE 
b - d 

a. 

So AE 
c. ——- 

, 3$o AE 

<1. -:- 

b. 

2 d 

d 

c. 


A particle with charge -f q and mass m, moving under the 
influence of a uniform electric field Ei and a uniform 
magnetic field Bk y follows a trajectory from P to Q as 
shown. The velocities at P and Q are vi and —2v j. Which 
of the following is correct? 


b. Magnitude of velocity of electron decreases conti- 
nously. 

c. Net force on the particle is always perpendicular to 
its direction of motion. 

d. Magnitude of net force on the electron decreases con- 
tinously. 

123. A charged particle moves in a garvity free space where 
an electric field of strength E and a magnetic field of 
induction B exist. Which of the following statement is/are 
correct? 

If E 0 and B ^ 0, velocity of the particle may 
remain constant. 

If E = 0, particle cannot trace a circular path. 

If E - 0, kinetic energy of the particle remains con¬ 
stant. 

d. None of these. 


Multiple Correct 
Answers Type 


Solutions on page Ah57 




b. the rate of work done by the electric field at P is 

■ Kv) 

c. the rate of work done by the electric field at P is 0 

d. the rate of work done by both the fields at Q is 0 

121. A charged particle P leaves the origin with speed u - uo, 
at some inclination with the x-axis. There is a uniform 
magnetic field B along the x-axis. P strikes a fixed target 
T on the .v-axis for minimum value of B = i?o. P will also 
strike T if 


1. If at distance r from a positively charged particle, electric 
field strength and energy density are E and U y respec¬ 
tively, which of the following graphs is/are correct? 

E V 




2. Mark out the incorrect statement^)■ 
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a. A proton tends to go from a region of low electric 
potential to a region of high electric potential 

b. The electric potential of-a negative charged conductor 
must be negative. 

—► 

c. If E = 0 at a point P, then V must be zero at P. 

—> 

d> If V = 0 at a point P y then E must be zero at P. 

3. In a uniformly charged dielectric sphere, a very thin tunnel, 
has been made along the diameter as shown in Fig. Al .65: 
below. A charge particle -q having mass m Is released 
from rest at one end of the tunnel. 

For the situation described, mark out the correct state¬ 
ments). [Neglect gravity.) 


-4 



Charge Q 


a. Charge particle will perform SHM about center of the 
sphere as mean position. 


b. Time period of the particle is 2n 


2nsomR 3 


qQ 


c. Particle will perform oscillation but not SHM. 

d. Speed of the particle while crossing mean position is 

j qQ 

V AnsomR' 

4. A charge particle q is projected in an electric field pro¬ 
duced by a fixed point charge Q as shown in Fig. A 1.66. 
Mark out the correct statements. 


% m,q 


Q+- 


Fixed 

Fig. A1.66 

a. The path taken by q is a straight line. 

b. The path taken by q is not a straight line. 

c. The minimum distance between the two particles is 

qQ 


2n s 0 Y \2we 0 / 


+ 4 m 2 u 4 a 2 


2 nut* 

d. Velocity of the panicle q is changing in magnitude 
and direction both. . 


5. Four identical particles, each having mass m and charge 
q> are placed at the vertices of a square of side /. All the 
particles are free to move without any friction and released 
simultaneously from rest. Then, 

a. at all instants, the particles remain at vertices of 
square whose edge length is changing 

b, the configuration is changing (not remaining square) 
as the time passes 


c. 


the speed of the particles when one of the particles 


get displaced by — is 

v2 



d. speed of the particles cannot be found 


6 . A small sphere is charged uniformly and placed at some 
point 4 (aoi y 0 ) so that at point B(9 m, 4 m) electric 
field strength is E = (54? 4- 72j) NC“ l and potential is 
1800 V. Then, 

a. the magnitude of charge on the sphere is 4 juC 

b. the magnitude of charge on the sphere is 2 pC 
<l coordinates of A are: x$ — —3, yo = —12 

d. coordinates of A are: xo = 4, yo = - 1 


7. Two conducting plates M and N t each having large sur¬ 
face area A (on one side), are placed parallel to each other 
(Fig. A1.67). The plate M is given a charge Q x and N a 
charge (< Q\). Then, 


Qi — Q2 

a. electric field at point A is-towards right 

2A $o 

b. electric field at point B is towards right 

r 2 A So 

c. electric potential of N is greater than M 


d. all of the above 

L 


M 


N 


• 



A 



Fig. A1.67 


B 




8 . A point charge q is placed within the cavity of an elec¬ 
trically neutral conducting shell whose outer surface has 
spherical shape (Fig. A 1.68). Then, 

a. the potential V at a point P lying outside the shell af 
a distance r from the center 0 of the outer surface 
depends upon the value of x 

b. potential at P does not depend upon the value of x 

c. a total charge q will be induced on the outer surface 
of tiie shell which will be distributed uniformly on 
the outer surface 
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d. a total charge —q will be induced on the inner surface 
of the shell which will be distributed non-uniformly 
on the inner surface 



9. In Fig. A1.69, the plates of a parallel plate capacitor have 
unequal charges. Its capacitance is C. P is a point outside 
the capacitor and close to the plate of charge -Q, The 
distance between the plates is tL Then, 

2Q -Q 


•P 

Fig. A1.69 

a. a point charge at point P will experience electric force 
due to the capacitor 

b. the potential difference between the plates will be 
3Q/2C 

c. the energy stored in the electric field in the region 

9Q 2 

between the plates is 

8 C 

d. the force on one plate due to the other plate is 

Q 2 

2 n so d 2 

10. A particle of mass 2 kg and charge 1 mC is projected 
vertically with a velocity 10 ms -1 . There is a uniform 
horizontal electric field of 10 4 NC -1 . Then, 

a. the horizontal range of the particle is 10 m 

b. the time of flight of the particle is 2 s 

c. the maximum height reached is 5 m 

d. the horizontal range of the particle is 0 

11. A thin-walled, spherical conducting shell S of radius R 
k given charge Q . The same amount of charge is also 
placed at its center C. Which of the following statements 
are correct? 

a. On the outer surface of 5, the charge density is 

1 Q 

2rrR 2 

b. The electric field is zero at all points inside S, 


c. At a point just outside S> the electric field is double 
the field at a point just inside S , in the cavity. 

d. At any point inside S (i.e., within its cavity), the elec¬ 
tric field is inversely proportional to the square of its 
distance from C. 

12. The electric potential at a certain distance from a point 
charge is 600 V and the electric field is 200 NC -J . Which 
of the following statements will be true? 

a. The work done in moving a point charge of 1 pC from 
the given point to a point at a distance of 9 m will be 
4 x 10" 4 J. 

b. The distance of the given point from the charge is 
3 in. 

c. The potential at a distance of 9 m will be 200 V. 

d. The magnitude of charge is 0.2 x 10 -3 C. 

13. An electric charge 2 x 10“ 8 C is placed at the point (1,2, 
4). At the point (3, 2, 1), the electric 

a. field will increase by a factor K if the space between 
the points is filled with a dielectric of dielectric con- 
stant K 

b. field will be along y-axis 

c. potential will be 49.9 V 

d. field will have no y-component 

14. The electric potential in a region along the x-axis varies 
with x according to the relation V(x) = 4 + 5jc 2 .Then, 

a. potential difference between the points x = 1 and 
jc = -2 is 15 V 

b. the force experienced by the above charge will be 
towards +x-axis 

c. a uniform electric field exists in this region along the 
+jt-axis 

d. force experienced by a one coulomb charge at x = -1 
m will be 10 N 

15. The electric potential in the region of space is given by: 
V(x) = A + Bx + Cx 2 > where V is in volts, x is in 
meters and A, 5, C are constants. Then, 

a. 7^ varies linearly with x 

b. the unit of is newton coulomb -1 

c. li is in the negative ^-direction 

d. the electric field7^ in this region is constant 

16. When a positively charged sphere is brought near a metal¬ 
lic sphere, it is observed that a force of attraction exists 
between the two. It means 

a. the metallic sphere may be electrically neutral 

b. the metallic sphere is necessarily negatively charged 

c. nothing can be said about the charge of the metallic 
sphere 

d. the metallic sphere may be negatively charged 

17. A conducting sphere of radius R has a charge. Then, 

a. the charge is uniformly distributed over its surface, if 
there is no external electric field 
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b. distribution of charge over its surface will be non- 
uniform, if an external electric field exists in the space 

c. potential at every point of the sphere must be same 

d. the electric field strength inside the sphere will be 
equal to zero only when no external electric field ex¬ 
ists 

18. A , £, and C are three large, parallel conducting plates, 
placed horizontally. A and C are rightly fixed and earthed 
(Fig. A 1.70). B is given some charge. Under electrostatic 
and gravitational forces, B may be 

a. in equilibrium if it is closer to A than to C 

b. in equilibrium midway between A and C 

c. B can never be in stable equilibrium 

d. in equilibrium if it is closer to C than to A 



19. A small conducting sphere of radius a mounted on an in¬ 
sulated handle and having a positive charge q is inserted 
through a hole in the wall of a hollow conducting sphere 
of inner radius b and outer radius c. The hollow sphere 
is supported on an insulating stand and is initially un¬ 
charged. The small sphere is placed at the center of the 
hollow sphere. Neglect any effect of the hole. Which of 
the following statements will be true for this system? 

a. No work will be done in carrying a small charge from 
the inner conductor to the outer conductor. 

b. The electric field at a point in the region between the 
spheres at a distance r from the center is equal to 
q/4n£ 0 r 2 . 

c. The electric field at a point outside the hollow sphere 
at a distance r from the center is qjAnt^r 1 . 

d. The potential of the inner sphere with respect to the 
outer sphere is given by 



20. Inside a uniformly charged spherical conductor, the elec¬ 
tric 

a. potential is zero everywhere 

b. field is zero everywhere 

c. field has the same magnitude everywhere but it is not 
zero 

d. potential is same everywhere but not zero 


21. Consider two identical charges placed distance 2d apart, 
along ^-axis (Fig. A 1.71). The equilibrium of a positive 
test charge placed at the point O midway between them 
is 

a. stable for displacements along the jc-axis 

b. neutral 

c. unstable for displacement along the y-axis 

d. stable for displacements along the y-axis 


• - ^ 

H-2d-H 

Fig. A1.71 

22. Three concentric conducting spherical shells have radii r, 
2 r and 3 r and charges q\ y q 2 and q^, respectively. In¬ 
nermost and outermost shells are earthed as shown in 
Fig. A 1.72. Select the correct alternatives. 


c. — = 3 d. qx +q$ = -q 2 



23. Mark out the correct statements. 

a. A given conducting sphere cannot be charged to a 
potential greater than a certain value. 

b. A given conducting sphere can be charged to a po¬ 
tential less than a certain minimum value. 

c. A given conducting sphere can be charged to any 
extent. 

d. None of the above. 

24. For the situation shown in Fig. A1.73 (assume r 
length of dipole), mark out the correct statement(s). 


A 

k /T(Small dipole) 

U 


u* >■ > 


Fig. A1.73 


a. Force acting on the dipole is zero. 
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b. Force acting ori the dipole is approximately 
and is acting upward 

c. Torque acting on the dipole is 
direction. 


PQ 


d Torque acting on the dipole is 


insor 2 

PQ 


PQ 

4n£o r 3 


in clockwise 


in anti- 


4tt8o^ 2 

clockwise direction. 

25. A dipole is placed in x-y plane parallel to the line y = 2x. 
There exists a uniform electric field along z -axis. Net force 
acting on the dipole will be zero. But it can experience 
some torque. We can show that the direction of this torque 
will be parallel to the line 

a. y = 2x + 1 b. y - - 2x 


1 

C - * = ~2 X 


d. y — --x +2 

2 


26. A hollow conducting sphere of inner radius R and outer 
radius 2 R is given a charge Q as shown in the figure, then 
the 



a. potential at A and B is same 

b. potential at O and B is same 

c. potential at O and C is same 

d. potential at A, B t C and O is same 

27. An insulating spherical shell of uniform surface charge 
density is cut into two parts and placed at a distance d 
apart as shown in the Fig. A 1.75. 

—y 

Ep and Eq denote the electric fields at P and Q respec¬ 
tively. As d (i.e., Pg) -y oo 




a. | Ep | > Rq.\ 
b« \E p \-\Eq\ 

c. \E P \ < \E a \ 

d. Ep + Eq scr 0 .■ 


28. A point charge q is placed at origin. Let E A > E B and E c 
be the electric field at three points A (1, 2, 3), B (1, 1, 
-1), and C (2,2,2) due to charge q . Then 

a. £4 _L E b 

b- E a II E b 

c. \E b \= 4\E c \ 

d. E h = 16 |Ecl 

29. Two identical parallel plate capacitors are connected in 
one case in parallel and in the other in series. In each case 
the plates of one capacitor are brought closer by a distance 
a and the plates of the other are moved apart by the same 
distance a . Then 

a. total capacitance of first system increases. 

b. total capacitance of first system decreases. 

c. total capacitance of second system decreases 

d. total capacitance of second system remains constant. 

30. A charge Q is imparted to two identical capacitors in par¬ 
allel. Separation of the plates in each capacitor is do. Sud¬ 
denly ; the first plate of the first capacitor and the second 
plate of the second capacitor starts moving to the left with 
speed v y then 


«-+G -0 

—1 1- 


+ Q -Q «- 
Fig. A1.76 

a. charge on the two capacitors as a function of time are 
Q (d 0 - vt) Q (do + vt) 

2do ' 2 d 0 

b. charge on the two capacitors as a function of time are 

Qdo Qdg 

2(dg — vt) 2(do + vt) 

c. current in the circuit will increases as time passes on. 

d. current in the circuit will be constant. 

31. In the circuit diagram shown, when switch is shifted from 
position 1 to position 2, then 


- 

1 -H- 

c 


21 

r 

- 11 —1 



£1 Ei 

Fig. A1.77 


a. extra charge drawn from battery is E 2 C 

b. extra charge drawn from battery is E\ E 2 C 

1 - 

c. heat generated in the circuit is -E 2 C 
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d. heat generated in the circuit is -EyE^C 

32. A capacitor of capacitance C is charged to a potential dif¬ 
ference Vb> The charging battery is disconnected and the 
capacitor is connected to a capacitor of unknown capaci¬ 
tance C x . The potential difference across the combination 
is V\ after the switch S is closed, then 



Fig. A 1.78 


a- C x = 


C(V 0 - V) 


b. Final energy stored is -CVqV 


c. 


d. 


Heat generated in the circuit is 
Heat generated in the circuit is 


CV 6 (V 0 - V) 


2 

CV 0 V 

2 


33. A parallel plate capacitor has a dielectric slab in it. The 
slab just fibs the space inside the capacitor The capacitor 
is charged by a battery and then battery is disconnected. 
Now the slab is started to pull out slowly at t = 0. If at 
time t y the capacitance of the capacitor is C and potential 
difference between the plates capacitor is V then which 
of the following graphs is/are correct 


c 

A 


-►/ 


b. 


-*( 


A 


->c 





34. Two plates of a parallel plate capacitors carry charges q 
and -q and are separated by a distance* from each other 
The capacitor is connected to a constant voltage source 
l/ 0 . The distance between the plates is charged to x+dx. 
Then in steady state 


Fig. A1.79 


a. Change in electrostatic energy stored in the capacitor 

. -Udx 
is-. 


b. Change in electrostatic energy in the capacitor is 

(lx 

c. Attraction force between the plates is 1/2 qE. 

d> Attraction force between the plates is qE. (where E 
is electric field between the plates) 

35. A charged particle having a positive charge q approaches 
a grounded metallic spheres of radius R with a constant 
small speed u as shown in the Fig. Al .80, In this situation 



a. As the charge draws nearer to the surface of the 
sphere, a current flows in to the ground. 

b. As the charge draws nearer to the surface of the 
sphere, a current flows out of the ground in to the 
sphere. 

c. As the charged particle draws nearer, (be magnitude 
of current flowing in the connector joining the shell 
to the ground increases-. 

d. As the charged particle draws nparer, the magnitude 

of current flowing io. jthe coqnectpr joining the sphere 
to (he ground decreases. 1 

36. A particle with a specific charge s. starts from rest in a 
region where the electric field has n ponstant direction, but 
whose magnitude increase linearly with time. The particle 
acquires a velocity v in time t . - 


a. v oc s 
c. do(/ 


"' b« v oc . 
\ r dri u oc t 1 


Assertion-Reasoning 

Type 


olid ions on page.AL61 


In the following questions, each question contains Statement I 
(Assertion) and Statement II (Reason). Each question has four 
choices (a), (b), (c) and (d) out of which ONLY ONE is correct. 


a. Statement I is True, Statement IT is True; Statement 
II Is a correct explanation for Statement I. 

b. Statement I is True, Statement II is True; Statement 
II is NOT a correct explanation for Statement I. 

c. Statement I is True, Statement 11 is False. 


d. Statement I is False, Statement II is True. 


1. Statement I: An applied electric field will polarize the 
polar dielectric material. 

Statement II: In polar dielectrics, each molecule has a 
permanent dipole moment but these are randomly oriented 
in the absence of an externally applied electric field. 


* 
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2. Statement I: When air between the plates of a paral¬ 
lel plate condenser is replaced by an insulating dielectric 
medium, its capacity decreases. 

Statement II: Electric field intensity between the plates 
with dielectric in between is reduced. 

3. Statement I: If electric potential in certain region is con¬ 
stant, then the electric field must be zero in this region. 

dV 

Statement II: E =-f\ 

dr 

4. Statement I: If a proton and an electron are placed in 
the same uniform electric field, they experience different 
forces. 

Statement II: Electric force on a test charge is indepen¬ 
dent of the mass of the test charge. 

5. Statement Is Positive charge tends (o move from high po¬ 
tential to low potential. 

Statement II: Positive charge tends to move from high 
electric field intensity to low electric field intensity al¬ 
ways. 

6. Statement I: A conducting body is connected to earth, 
hence it is electrically neutral. 

Statement II: The potential of a conducting body con¬ 
nected to earth is zero. 

7. Statement I: For a non-uniformly charged thin circular 
ring with net charge zero, the electric field at any point on 
the axis of ring is zero. 

Statement II: For a non-uniformly charged thin circular 
ring wilh net charge zero, the electric potential at each 
point on the axis of ring is zero. 

8'. Statement I: A uniformly charged disk has a pin hole at 
its center. The electric field at the center of the disk is 
zero. 

Statement II: Disk can be supposed to be made up of 
many rings. Also, electric field at the center of a uniformly 
charged ring is zero. 

9. Statement I: In a region where uniform electric field ex¬ 
ists, the net charge within volume of any size is zero. 
Statement II: The electric flux within any closed surface 
in region of uniform electric field is zero. 

10. Statement I: If the potential difference across a plane par¬ 
allel plate capacitor is doubled, then the potential energy 
of the capacitor becomes four times under all conditions. 

Statement II: The potential energy U stored in the capac- 
i - 

iU>r is U = -C V , where C and V have usual meaning. 

11. Statement I: Total work done by non-uniform electric 
field on a chained particle starting from rest to any time is 
non-negative. (Assume no other forces act on the charged 
particle.) 

Statement II: The angle between electrostatic force and 
velocity of the charged particle released Jrom rest in non- 
uniform electric field is always acute. (Assume no other 
forces act on the charged particle.) 


12. Statement I: Electric lines of force cross each other. 
Statement II: Electric fields at a point superimpose to 
give one resultant electric field. 

13. Statement I: A metallic shield in the form of a hollow 
shell may be built to block an electric field. 

Statement II: In a hollow spherical shield, the electric 
field inside it is zero at every point. 

14. Statement I: If bob of a simple pendulum is kept in a hor¬ 
izontal electric field, its period of oscillation will remain 
same. 

Statement II: If bob is charged and kept in horizontal 
electric field, then the time period will be decreased. 

15. Statement I: The potential of a grounded object is taken 
to be zero. 

Statement II: Capacitance of the earth is very large. 

16. Statement I: Though large number of free electrons are 
present in a metal, yet there is no current in the absence 
of electric field. 

Statement II: In the absence of electric field, electrons 
move randomly in all directions. 

17. Statement I: If the accelerating potential of an electron 
is doubled, then its velocity becomes 1:4 times. 
Statement II: It will move on a circular path with same 
velocity. 

18- Statement I: The lightning conductor at the top of a high 
building has sharp pointed ends. 

Statement II: The surface density of charge at sharp.ends 
is very high resulting in setting up of electric wind. 

19. Statement I: Electric field is always directed perpendic¬ 
ular to an equipotential surface. 

Statement II: Equipotential surface is a surface on which 
at each point potential is same. 

20. Statement I: A charged body cannot attract another un¬ 
charged body. 

Statement II: Oppositely charged bodies attract each 
other. 

21. Statement I: A charged particle is free to move in an 
electric field. It. does not move along an electric line of 
force. 

Statement II: Its initial position decides whether it will 
move along the line of force or not. 

22. Statement I: When a body acquires positive charge, its 
mass decreases. 

Statement II: A body acquires positive charge when it 
loses electrons. 

23. Statement I: A small metal ball is suspended in a uniform 
magnetic field with the help of an insulated thread. When 
a high-energy X-rays beam falls on the ball, then the ball 
will be deflected in the direction of electric field. 
Statement II: The ball will oscillate in the field. 
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24. StatementI: Two positively charged conductors are pul in 
contact, the common potential will be less than the initial 
value of one of the conductors. 

Statement II: Both conductors will attract each other. 

25. Statement I: A molecule having intrinsic dipole moment 
is called polar molecule. 

StatementH: Center of positive charge does not coincide 
with the negative charge in a polar molecule. 

26. Statement I: Vehicles carrying highly inflammable ma¬ 
terials have hanging chains, slightly touching the ground. 
Statement II: The body of a vehicle gets charged when 
moving through air at high speed. 

27- Statement I: A line of force has sudden breaks. 

Statement II: An electrostatic line of force is acontinuous 
curve. 

28. Statement I: A parallel plate capacitor is connected 
across a battery through a key. A dielectric slab of di¬ 
electric constant K is introduced between the plates. Tire 
energy, which is stored, becomes K times. 

Statement II: The plate remains uncharged or it has a 
constant surface charge density. 

29. Statement I: If the distance between parallel plates of a 
capacitor is halved and dielectric constant becomes three 
times, then the capacitance becomes 6 times. 

Statement II: Capacity of the capacitor does not depend 
upon the nature of the material. 

30. Statement I: If three capacitors of capacitances 
Ci < C 2 < Cy are connected in parallel and in series* 
then their equivalent capacitance C {) > 

Statement II: —h —f- - and 

C p Ci C 2 C 3 

C s — C[ + C% + Cx 

31. Statement I: A condenser of capacitance C and charge 
Q is connected to a battery of potential V . If the battery 
is removed and a dielectric slab is introduced between the 
plates and E is the energy of condenser, then its capaci¬ 
tance increases. 

Statement II: On removing the battery connections, the 
potential energy decreases. 

32. Statement I: A number of capacitors are connected in 

series with each other. If U u V 2 , C 3 , ... , respectively* 
be the energy stored in them, then total energy stored is 
U\ + U 2 + + ■ - *. 

Statement II: Potential energy is a scalar quantity. 

33. Statement I: When a charged capacitor is filled com¬ 
pletely with a metallic slab, ifs capacity becomes very 
large. 

Statement II The dielectric constant for metals is infinity. 

34. Statement I: The circuits containing capacitor be handled 
cautiously, even when there is no current. 

Statement II: A dielectric differs from an insulator. 


35. Statement I: A metal sphere of radius 1 cm can hold a 
charge of 1 coulomb. 

Statement II: Electric charge = (Electric potential) x (ca- 
pacitanoe). 

36. Statement I: If distance between the parallel plates of a 
capacitor is halved, then its capacitance is doubled. 
Statement II: The capacitance depends upon the intro¬ 
duced dielectric constant. 

37. Statement I: If the plates of parallel capacitor are not 
same in cross-sectional area, then quantity of charge on the 
plates will be same but nature of charge will be different. 
Statement II: They will have the same nature of charge. 

38. Statement I: Dielectric polarization means formation of 
positive and negative charges inside the dielectric. 
Statement II: Free electron is formed in this process. 

39. Statement I: If we introduce a sheet of glass between the j 
two plates of a condenser, its potential will decrease. 
Statement II: Charge will remain same. 

40. Statement I: It is not possible to make a spherical capac¬ 
itor of capacity one farad. 

Statement II: It is possible for earth as its radius is 
6.4 x 10 6 m. 

41. Statement I: A dipole always tends to align in the direc¬ 
tion of electric field. 

StatementH: In this direction, torque acting on the dipole 
is zero. 

42. Statement I: If the medium between two charges is re¬ 
placed by another medium of greater dielectric constant, 
then tire electric force between them decreases. 
Statement II: Electric dipole moment varies inversely as 
the dielectric constant. 

43. Statement I: The electric field due to a dipole on its axial 
line at a distance r is E, Then, electric field due to the same 
dipole on the equatorial line and at the same distance will 



Statement II: Electric field due to dipole varies inversely 
as the square of distance. 

44. Statement I: A charged particle moves perpendicular to 
magnetic field. Its kinetic energy remains constant, but 

. momentum changes. 

Statement II: Force acts perpendicular to velocity of the 
particle. 

45. Statement I: The magnetic field at the ends of a very long 
current carrying solenoid is half of that at the centre. 
Statement II: If the solenoid is sufficiently long, the field 
within it is uniform. 


Comprehension 

Type 


Solutions on page A J.63 


For Problems 1-3 

Gauss’s Law relates the net flux 4> of an electric field through 
a closed surface to the net charge q\ n that is enclosed by that 
surface. 
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£o <t> = q\u or e 0 §E-dA= q in 

Charge outside the surface no matter how larger or how close 
it may be is not included in the term q\ n in Gauss law. The 
exact form or location of the charge inside the Gaussian surface 
is also of no concern. The electric field on the left hand side 
of equation, however, is the net electric field resulting from all 
charges, both inside and outside the Gaussian surface. This may 
s£em to be inconsistent, but keep in mind that the electric field 
due to a charge outside the Gaussian surface contributes zero net 
flux through the surface, because as many field lines due to that 
charge enter the surface as leave it. 


1. Fig. A 1.81 shows five charged lumps of plastic and an 
electrically neutral coin. The cross section of Gaussian 
surface S is indicated. Assuming = q 4 — +3.1 nC, 
q 2 = q$ = —5.9 nC and = —3.1 nC, the net electric 
flux through the surface is 

a, -666 Nm 2 C“ J 

b. +666 Nm 2 ^ 1 

c. -360 Nm 2 C -1 

d, +360 Nm 2 C~ l 



2. A charge Q is uniformly distributed over a large plastic 
plate. The electric field at point P close to the center of 
plate is 20 VmT 1 . If the plastic plate is replaced by Alu¬ 
minium plate of same geometrical dimensions and carry¬ 
ing the same charge Q y the electric field at the point P will 
become 

a. zero b, 10 Vm" 1 

c. 20 Vnr 1 d. 40 Vm" 1 

3. In an electric field due to a point charge +0, a spher¬ 
ical closed surface is drawn as shown by dotted circle 
(Fig. Ai.82. The electric flux through the surface drawn 
is zero by Gauss Law. A conducting sphere is inserted 
intersecting the previously drawn Gaussian surface. The 
electric flux through the surface 

a. still remains zero 

b. is non-zero but positive 

c. is non-zero but negative 

d. becomes infinite 


Fig. A1.82 

For Problems 4-7 

In many systems, equilibrium is possible due to the balancing of 
electric forces by other forces. We shall here consider a system 



which also involves force of buoyancy. A body placed in a fluid 
displaces fluid and it acts in the upward direction. Consequently, 
effective weight of the body is reduced. In Fig. AI .83, two iden¬ 
tical helium filled balloons of small size are tied to an object of 
mass 1.1 g with threads of equal lengths, each 1 m. Each balloon 
carries a charge q that can be assumed as if it were concentrated 
at the center of balloon. The system floats in equilibrium as 
shown. Volume of helium in each balloon, in this situation, is 
V. The figure also shows that equilibrium separation between 
the balloons is 1.2 m. Helium is now replaced by another gas 
‘ A' of a density twice that of helium. In this new situation, it is 
observed that volume of gas ‘A' in each balloon has to be V ' so 
as to result in equilibrium, under the condition that charge on 
each balloon retains its earlier value. 



Given density of air = 1.3 kgm -3 
density of He = 0.2 kgm -3 , g - 10 ms -2 , and 
weight of unfilled balloon ~ 0 
Now answer the following questions 

4. Volume of He in each balloon so that the system floats in 
equilibrium is 

a. 500 cc b. 800 cc 

c. 1125cc d. 375 cc 


5. Tension in each thread when the system is in equilibrium, 
with Helium filled in each balloon, will be 

a. 3.44 x 10 -3 N b. 6.88 x 1(T 3 N 

c. 8.25 x 10" 3 N d. 6.84 x 1CT 5 N 


6. Charge on each balloon is nearly 

a, 1.5 pC b. 1.2 pC 

c. 0.8 pC d. 0.6 pC 

7. Which of the following is correct? 


a. In both situations, i.e., with Helium in each balloon 
and then with gas A in each balloon, vertical compo¬ 
nent of tension has the same value in the equilibrium 
condition. This value is 5.5 x 10~ 3 N. 


b. In case of He, vertical component of tension is 
5.5 x 10” 3 N but with gas A, it is 11 x 10' 3 N. 

c. In case of He, vertical component of tension is 
11 x 10” 3 N but with gas A, it is 5.5 x 10 -3 N. 

d. In both cases, vertical component of tension has the 
same value and equal to 2.75 x 10 -3 N. 

For Problems 8-10 

In a certain region, electric field E exists along x-axis which is 
uniform. Given AB = 2 a/ 3 m, BC = 4 m. Points A, J5, C are in 
x, y plane. 
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8. Find potential difference V A - between the points A 
and B. 

a. E b. 2 E c. 3 E d. 4 E 

9. Find potential difference Vq - Vb between the points C 
and B. 

a. -E b. -2 E c. 2 E A . 3£ 


10. A charged particle q is moved from A to C as shown in 
path L What is the work done by electric field in this 
process? 

a. qE b. AqE 

c. 2 qE d. 5qE 

For Problems 11-13 

We know that electric field (£) at any point in space can be 
calculated using the relation 


E = 



6 V« 6V t 

~ ~r k 
Sy Sz 


if we know the variation of potential (V) at that point, Now, let 
electric potential in volt along x-axis varies as V - 2x 2 } where 
x is in m. Its variation is as shown in Fig. Al .85. 


V 



11. Draw the variation of electric field (E) along a;-axis. 


E 



E 



b. 



E 



12. A charge particle of mass 10 mg and charge 2.5 pC is 
released from rest at * - 2 in. Find its velocity when it 
crosses origin. 

a. 0.5 ms -1 b. 1 ins'" 1 

c. 2 ms -1 d. 4 ms -1 


13. Will the panicle perform a simple harmonic motion? Also, 
find the time period of its oscillations. 

a. Yes, time period = lit s 

b. No, time period = 2n s 

c. Yes, time period - An s 

d. The particle will perform SHM, but time period can¬ 
not be found from the given data. 


For Problems 14-17 

Consider a system of two equal point charges* each (2 = 8 pC, 
which are fixed at points (2 m, 0) and (—2 m, 0). Another charge 
q is held at a point (0, 0.1 m) on the Y-axis. Mass of the charge 
q is 91 mg. At t = 0, q is released from rest and it is observed 
to oscillate along Y-axis in a simple harmonic manner. It is also 
observed that, at / = 0, force experienced by it is 9 x 10”* N. 
Now answer the following questions 

14. Charge q is 


a. —8 pC 
c. —5 pC 

15. Amplitude of motion is 
a. 10 cm 
c. 30 cm 


b. -6.5 pC 
d. +6.5 pC 

b. 20 cm 
d. 40 cm 


16. Frequency of oscillation is 

a. 8 b. 10 c. 5 d. 2 


17. Equation of SHM (displacement from mean position) can 
be expressed as 
a. y = 0.1 $in(107rf) 


b. y = 0.1 sin(107rf + n/2) 


c. y = 0.1 sin(5jrf -F tt/2) 


d. y = 0.2 sin(5^0 


For Problems 18-21 

In a certain experiment to measure the ratio of charge and mass of 
elementary particles, a surprising result was obtained in which 
two particles moved in such a way that the distance between 
them always remained constant. It was also noticed that this two 
particle system was isolated from all other particles and no force 
was acting on this system except the force between these two 
masses. After careful observation followed by intensive ealeu- 
lation, it was deduced that velocity of these two particles was 
always opposite in direction and magnitude of velocity was 10 3 
ms -1 and 2 x 10 3 ms" 1 for first and second particle, respec¬ 
tively, and masses of these particles were 2 x 1CT 30 kg and 10” 30 
kg, respectively. Distance between them came out to be 12 A 

(1 A= l(T 10 m). 

18. Acceleration of the first particle was ■ ■' 1 ' 1 - 
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b. 4 x 10 16 ms^ 2 

c. 2x 10 16 ms^ 2 

d. 2.5 x 10 15 ms -2 

19. Acceleration of the .second particle was 


a. 5 x 10 15 ms" 2 
c. 2 x 10 16 ms -2 


b. 4 x 10 16 ms 2 
d. zero 


20. If the first particle is stopped for a moment and then re¬ 
leased, the velocity of center of mass of the system just 
after the release will be 

a. \ x 10" 30 ms -1 
3 

b. ~ x 10 3 ms" 1 
3 

2 , , 

c. - x 10 ms 1 
3 

d. none of these 

21. Paths of the two particles were 

a. intersecting straight lines 

b. parabolic 

c. circular 

d. straight line w.r.t. each other 
For Problems 22-23 

In the circuit shown in Fig A1.86, initially the switch is opened. 
The switch is closed now. 



22. The charge that will flow in direction t V is 
Cjeo 


a. - 


C j 


*■-(—) 

KCi+CiJ 




( -t'o 

c> s 


d. 


Cy 4 - Ci 

23. The charge that will flow in direction 4 2* is 


a. - 


c. 


CfgQ 

C, + c 2 

C'feo 


\Ci+C 2 J 

d. CiBo 


£o 


Cl +c 2 

For Problems 24-26 

Capacitors C\ = 2 pF and C 2 = 3 pF are connected in series 
to a battery of emf e — 120 V, whose midpoint is earthed. The 
wire connecting the capacitors can be earthed through a key K . 
Now, key K is closed. Determine the charge flowing through the 
sections 1,2 and 3 in the directions indicated in Fig. A 1.87. 

24. In the section 1 

a. -24 pC b. -36 pC c. — 60 pC d. 60 pC 


C t = 2gF 

n. 


Fig. A1.87 


25. In the section 2 


a. —24 fiC 

26. In the section 3 

b. -36 mC 

c. -60 )jC 

d. 60 fiC 

a. -24 mC 

b. -36 nC 

c. — 60 jjC 

d. 60 pC 


For Problems 27-28 

A researcher studying the properties of ions in the upper at¬ 
mosphere wishes to construct an apparatus with the following 
characteristics: Using an electric field, a beam of ions, each hav¬ 
ing charge^,massm, and initial velocity u/,is turned through an 
angle of 90° as each ion undergoes displacement Ri + Rj, The\. 
ions enter a chamber as shown in Fig. A 1.88 and leave through 
the exit port with the same speed they had when they entered the 
chamber. The electric field acting on the ions is to have constant 
magnitude. 



7... J 

1 - 

1 

f 

1 

1 

i 

L ! J 

r 1 “i 

i 

i 

e= I 2 bv 

i 

1 

! _ 

i _ 

— i_ 

- i C 2 = 2 nF I 


2 

i—* 



Fig. A1.88 


27. Suppose the electric field is produced by two concentric 
cylindrical electrodes not shown in the diagram, and hence 
is radial. What magnitude should the field have? ■ 


mv 

a. —- centered at A 
2 qR 

_ mv 2 

b. -— centered at O 
2 qR 

mv 1 

c. -centered at A 

qR 

mv 1 

d. —centered at O 
qR 

28. If the field is produced by two flat plates and is uniform 
in direction, what value should the field have in this case? 


mv c a 

3 ‘ 2^ (1 + J) 
mv 1 
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c. 


d. 


2 mv 2 
2 mv 2 


O-J) 
(-i + j ) 


For Problems 29-31 

Two capacitors of capacities 6 and 3 pF are charged to 100 and 
50 V separately and connected as shown (Fig. A1.89). Now, all 
the three switches Si, S 2 , and S 3 are closed. 



200 V 

Fig. A1.89 


29. Which plate(s) form an isolated system? 

a. Plate 1 and plate 4 separately 

b. Plate 2 and plate 3 separately 

c. Plate 1 and plate 4 jointly 

d. Plate 2 and plate 3 jointly 

30. Charges on 6 and 3 pF capacitors in steady state will be 

a. 400 pC, 400 pC b. 700 pC, 250 pC 

c. 800 pC, 350 pC d. 300 pC, 450 pC 

31. Suppose q \, q%, and 43 be the magnitudes of charges flown 
from switches Si, S 2 , and S 3 after they are closed. Then, 

a. q\ — and 42 = 0 



C* 4l = 43 = 3^2 
d. 41 = 42 = 43 


For Problems 32-35 

A and B are two capacitors having air as the dielectric medium 
between the plates. They have the same separation between the 
plates but the area of plates of A is twice that of B. A and B are 
connected in series with a 12 Vdc supply as shown in Fig. A1.90. 





Fig. A1.90 

Without removing the battery, a dielectric material (K = 6 ) is 
uniformly filled between the plates of capacitor B\ The dimen¬ 
sions of dielectric are just enough to completely fill the space 


between the plates of B. As a result, electric energy stored in 
the two capacitors changes by 1.2 x 10 “ 4 J. The capacitors are 
now disconnected from the battery and also from each other and 
the dielectric (K = 6 ) that had been filled between the plates of 
B is also removed. 

Consider now the following two situations: 
i. The capacitors are combined such that positive plate of A is 
connected to negative plate of B and vice versa. 

A 


r-1 h'- 



. B 


Fig. A1.91 

li. The capacitors are combined such that positive plate of A is 
connected to the positive plate of B and negative plate of A is 
connected to negative plate of B. 

A 





B 


Fig. A1.92 

Now answer the following questions 

32. Initially, A and B> with air as the dielectric between the 
plates of both capacitors, are connected in series with 12 
V supply. As described above, dielectric (K - 6 ) is then 
inserted between the plates of B. Consequently, electric 
energy stored in capacitor B 

a. reduces by 10 -5 J 

b. increases by 2 x 10 ~ 5 J 

c. reduces by 2 x 10 -5 J 

d. increases by 10 -5 J 

* 

33. Work done in removing the dielectric from capacitor B is 

a. 3.4 x KT 4 J . b. 2.7 x 1(T 4 J 

c. L 8 x 1CT 4 J d. zero 

34. In situation (i), final value of electric energy stored by the 
capacitor is 

a. 4.3 x 10 " 4 J b. 5.6 x iO " 4 J 

c. 3.2 x 10 " 4 J d. zero 

35. In situation (ii), final value of electric energy stored by the 
capacitors is 























A1.28 Physics for IIT-JEE: Electricity and Magnetism 


a. 4,3 x ID” 4 J b. 7.3 x 1<T 4 J 

c. 2,6 x 10~ 4 J d. zero 

For Problems 36-38 

An isolated parallel plate capacitor consists of two metal plates 
of area A and separation d . A slab of thickness t and dielectric 
constant K = 2 is inserted between the plates with its faces 
parallel to the plates and having the same surface area as that of 
plates as shown (Fig. A 1.93) 


◄— d —► 





Fig. A1.93 


36. The capacitance of the system is 



c. 


SqA 
d -1 



b. 


d. 


£q A 



£oA 
d +t 


37. For what value of t/d , will the capacitance of system be 
- ) times that of the capacitance with air filing the full 


© 

space? 


a. 

c. 


2 

3 

1 



38. The ratio of energy in first case (with air) and second case 
(with dielectric) will be 


a. 

c. 


2 

3 

1 


b. 


d. 


3 

2 

1 

3 


For Problems 39-43 

A point charge q\ is placed inside the Cavity 1 and another point 
charge q 2 is inside Cavity 2. A point charge q is placed outside 
the conductor. 

For the situation described above, answer the following ques¬ 
tions 

39. The charge on outer surface of the conductor would be 


a. Q+qi+qi and non-uniformly distributed. 

b. Q + q\ + q 2 and its uniform or non-uniform distrir 
bution depends upon locations of q\ and q 2 . 

c. Q + q\ + qi and would be distributed uniformly. 

d. Q+qi + qi and the distribution depends upon the 
locations of q \> q 2 and q. 



40. If q\ is at the center of Cavity 1, then E at a point S t at a 
distant r from center of Cavity 1 (r > r i), due to induced 
charge on the surface of Cavity 1 is 

away from center of Cavity 1 
away from center of Cavity 1 

towards center of Cavity 1 

41. E inside the conductor at point S y distant r from point 
charge q 3 due to charge on outer surface of the conductor 
would be 

O -j- q i 4" 

a. — -r— away from charge q 

4ne<>r 2 

q 

b. --r towards charge q 

4 7te 0 r 2 

c. zero 

d. cannot be determined 

—y 

42. If charge q 2 is at point Q (inside Cavity 2\ then E at the 
center of Cavity 2 due to induced charge on the surface of 
Cavity 2 would be 

qi 

a. - jt towards q 2 

Qi 

b. - jr away from q 2 

4jt£ 0 /2 

c. zero 

d. cannot be determined 


a. 


b. 


<n 


47T£q Y 1 
<h 

4netf} 


c. zero 


d. 


9i 


4ne^r 2 


43. If the potential of the conductor is Vq and charge q 2 is 
placed at center of Cavity 2, then potential at point Q is 



d. V 0 

For Problems 44-47 

Four concentric hollow spheres of radii R t 2R> 3 R 3 and 4 R are 
given the charges as shown in Fig. A 1.95. Then, the conductors 
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1 and 3, 2 and 4 are connected by conducting wires (both the 
connections are made at the same time). 


-4fi 



44. The charge on inner surface of 3 rd conductor is 


a. —6)2/5 
c. -2 Q 

45. The charge on 4 th conductor is 
22 Q 


a. + 


c. — 


5 

II Q 


46. The potential of conductor 1 is 
3 Q 


a. 


40 7T£o R 
3 Q 


c. -- 


40 nsoR 
47. The potential of conductor 2 is 

Q 


a. —- 


c. 


8;r sqR 

Q 

32jt £qR 


b. 


d. 


b. 


d. 


b. 


d. 


6 ) 2/5 

+2Q 



22 Q 


5 


19 Q 

40 izeqR 
19Q 

40 jtsoR 


b. 


d. 


Q 

87TSoR 

Q 

32jt «o R 


For Problems 48-51 

Some cell walls in the human body have a layer of negative 
charge on the inside surface and a layer of positive charge of 
equal magnitude on the outside surface. Consider one such cell 
having the thickness of cell wall 10“ 10 m. The charge densities 
on the walls are -a and +a Cm -2 , respectively, and the relative 
permittivity of the cell wall material is 5. Take volume based on 
above information, answer the following questions. 

48. Which wall is at a higher potential? 


a. Inner 


b. Outer 

c. Both are at the same potential 

d. Cannot be determined from the given information 

49. Determine the electric field intensity in between the cell 
walls. 

a. — NC- 1 
5s 0 

b. ^—C NC" 1 
2e 0 


c. ^x 10 -5 NC" 1 
5 eo 

d. x 10 -5 NC -! 

2 s 0 


50. The potential difference between inside and outside walls 
of the cell is 

a. x 1(T J V 
5 s 0 

b. ~x ICT 5 V 
2 s 0 

c. x ICT 10 V 
5^o 

d. -f- X 10“ 10 V 
2 s 0 


51. The energy stored in the cell wall is 


2 

a. x ICT 5 J 

b. 

x 10 -15 J 

5e 0 


2 So 

c. x 1(T 16 J 

d. 

— X 1(T 16 J 

2 sq 


£o 


For Problems 52-53 

Fig. A 1.96 shows a parallel plate capacitor with plate area A 
and plate separation d . A potential difference is being applied 
between the plates. The battery is then disconnected, and a di¬ 
electric slab of dielectric constant K is placed in between the 
plates of the capacitor as shown. 


I, ~”T — 

+ + + + + + + + 

i> 

k -H - 

Fig. A1.96 

Now, answer the following questions based on above informa¬ 
tion. 




52. The electric field in the gaps between the plates and the 


dielectric slab will be 

^AV _ V 
— 


a. 


KV 

d 


53. The electric field in the dielectric slab is 


a * Kd b ‘ 


KV 


V 

C ‘ d 


d. 


d. 


d-t 

KV 


For Problems 54-55 

A parallel plate capacitor is connected to a battery as shown in 
Fig. Al .97. A thin conducting plate is inserted mid way between 
the two plates. Takes plate area as A. 


V 



Fig. A 1.97 

54. What is the capacitance of the system after the plate is 
inserted? 


/ 
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&oA 

a - ~ 

CoA 

"• 27 

ISqA 
C ~d~ 

d. cannot say anything 

55. If the thin plate and upper plate are shortened, the extra 
charge flown through the battery is. 

2fio AV 


a. 


d 

eoAV 


b. zero 
s 0 AV 

CL 


d 2d 

For Problems 56-58 

Two plates of a parallel plate capacitors are connected to a battery 
as shown in Fig. A 1.98. The separation between the plates is 
increased from x to x + dx (very slowly). Take plate area as A . 

V 



Fig. AX.98 

56. What is the change in electrostatic energy stored in the 
capacitor? 

e 0 AV 2 dx 
a.--— x — 


b. 


c. 


2 

SoAV^dx 
2x 2 
e 0 AV 2 
2x 


d. remains constant 

57. The charge flown out from positive terminal of battery 
and work done by battery is [during the process] 


a* - 


b. 


c. 


d. - 


soAVdx 

so AV 2 dx 

X 2 ' 

X 2 

SoAVdx soAV 2 dx 

X* ‘ 

X 2 

£ 0 AVdx 

s 0 AV 2 dx 

X 2 ’ ~ 

x 2 ■ 

SoAVdx 

SqA V 2 dx 


58. Work done by external agent is 
e 0 AV 2 dx 


a. 


so AV 2 dx 

b. ——-— x —r- 


c. 


2 

60 A V* 


dx 


2 x} 

d. cannot be calculated as force with which the plates 
have been pulled is not given 



For Problems 59-61 

A simple electric dipole consists of a positive and negative 
charge of equal magnitude held very close to one another. The 
components of the electric field pointing away from a dipole 

has magnitude E = — ^ C ° S ^ > where d is the distance from the 
d 

center of the dipole to the point in question, K = 9.0 x 10 9 
Nm 2 C~ 2 is a universal constant and q is the magnitude of the 
dipole moment vector, which specifies the strength and direc- 
tion of the dipole. Here, 0 denotes the angle between the dipole 
moment vector and d> the displacement vector (from the dipole 
to the point in question). 

A student performs an experiment to determine if a mystery 
object is an electric dipole, (The mystery object is only a few 
millimeters long.) Using a sophisticated instrument, the student 
measures the component of the electric field pointing away from 
the object, at various distances from the center of the object. By 
taking each measurement along an imaginary line emanating 
outward from the center of mystery object, he ensures that "0" 
stays the same throughout the experiment. Table AL1 shows the 
electric field he found at various distances. 


ThbleAl.l 


Trial 

Distance (m) 

Field (NC- 1 ) 

1 

0.010 

3.6 x 10“ 1U 

2 

0.020 

9.0 x 10““ 

3 

0.030 

4.0 x 10"" 


59. From the given information, can we calculate the elec¬ 
trostatic force that would act on a point charge q - 25 
x 10 -7 , held at the location where the student measured 
the electric field in trial 2? 

ja 2 kpcasO 

a. YES. because we $an use, E =---with r - 

T J 

0.02 m. 

b. Yes, because we know the electric field at the relevant 
point. 

kq\q2 

c. No, because the formula F = —— does not apply, 
and we do not know the dipole moment. 

kq\q2 

d. No, because even though F = —r— applies, we do 

yl 

not know the dipole moment. 

60. Which of the following graph best expresses how the elec¬ 
tric field measured by the student varies with distance from 
the mystery object? 
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3 qa 2 


2 rteor 4 


b. ? 


qa* 


5 

C ’ 2 


qa* 


q 


-2q 

Fig. A1.100 


ne^r 4 

67. Electric potential at point P is 


d. - 


qa* 
7te§r A 


a. 


c. 


3 qa 7 


5 qa 2 


2 ne^r 3 
qa 1 


a. 


2 Ttsor 3 
2 q a 2 
TZE^r 3 


61. Consider the electric field produced by a dipole. If the 
dipole moment and the distance from the dipole are both 
doubled, while 9 is kept the same, the electric field compo¬ 
nent pointing away from the dipole decreases by a factor 
of 

a. 2 b. 4 c. 8 d. i 

For Problems 62-63 

The electric field in a certain region of space obeys E y # 0, 

^ A BE i ^ BE BE A 

E x = E l = 0 and — ^ 0, — = — = 0 
Bx By Bz 

62. The net force on an electric dipole oriented parallel to the 
x-axis in this field is 

a. directed along the x-axis 

b. directed along the y-axis 

c. directed along the z-axis 

d. none of the above 

63. The net torque on an electric dipole parallel to the x-axis 
in this field is 

a. directed along the x-axis 

b. directed along the y-axis 

c. directed along the 2 -axis 

d. none of the above 

For Problems 64-65 

An electric dipole of length 2 cm is placed with its axis making 
an angle of 60° to a uniform electric field of 10 5 NC" 1 . If it 
experiences a torque of 8^ Nm, calculate the 

64. magnitude of charge on the dipole. 

a. 4mC b. 6mC c. 8mC d. 12 mC 

65. potential energy of the dipole. 

a. -8J b. 6J c. -12J d. 8J 

For Problems 66-67 

Refer the quadrupole distribution shown in Fig. A L100 for r > 
a and answer the following questions. 

66. Electric field at point P is 


27T£ 0 r 3 

For Problems 68-71 

Fig. A 1.101 shows an electric dipole in a uniform electric field 

with magnitude 5.0 x 10 s NC -1 directed parallel to the plane 

of the figure. The charges are ±1.6 x 10“ 19 C; both lie in the 

plane and are separated by 0.125 nm = 0.125 x 10“ 9 m. (Both 

the charge magnitude and distance are typical of molecular quan- 

/ 3 4\ 

tides.) I see that: sin 37° = cos 37° = - J 



4 near 4 


68. Find the net force exerted by the field on the dipole. 

a. zero b. 2 qE 

c. qE d. \[2qE 

69. Find the magnitude and direction of the electric dipole 
moment. 

a. 2 x 10“ 29 C m from positive to negative charge. 

b. 2 x 10 -29 C m from negative to positive charge. 

c. 4 x 10" 29 C m from positive to negative charge. 

d. 4 x 10“ 29 C m from negative to positive charge. 

70. Find the magnitude and direction of torque by us. 

a. 6.0 x 10 -24 N-m out of the page 

b. 6.0 x 10 -24 N-m into the page 

c. 3.0 x 10“^ N-m out of the page 

d. 3.0 x lO^ 24 N-m into the page 

71. Find the potential energy of the system in the position 
shown. 

a. 3 x 10” 24 J b. 5 x 10” 24 J 

c. 8 x lO” 24 J d. 4 x 10” 24 J 

For Problems 72-73 

A positive point charge q is fixed at origin. A dipole with a dipole 
moment p is placed along the x-axis far away from the origin 
with p pointing along positive x-axis. 
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72. Find the kinetic energy of the dipole when it reaches a 
distance d from the origin. 

3 pq 3 

Aneo d 2 
1 pq 


a. 


b. 


c. 


_ M_ 

Itieq d 2 

d. J- w 


Inso d 2 4ireo d 2 

73. Find the force experienced by the charge q at (his moment. 
1 pq l pq 


a. 


c. 


47T£o d 2 
1 PR 
2-Jln £^ d 2 


b. 


2tt£o d 2 

a . ^£2 

tic o d 2 


(IIT-JEE, 2003) 


For Problems 74-75 

A large sheet carries uniform surface charge density or. A rod of 
length 21 has a linear charge density 1 on one half and -1 on the 
other half. The rod is hinged at mid point O and makes an angle 
# with the normal to the sheet. 



Fig. A1.102 

74. What is the net force experienced by the rod? 


a. 


oXl 
2eo 
c. zero 


b. 


crXl 

£q 


75. The torque experienced by the rod is 
oXl 2 


a. 


2eo 


cos# 


b. 


(jXt y 
c. -— cos* 0 


da 


2sq 

crXts in 2 0 


2Sq 


2£q 

For Problems 76-78 

Three metallic plates out of which middle is given charge Q as 
shown in Figure given below. The outer plates can be eanhed 
with the help of switches S\ and S 2 . The area of each plates is 
same. 








v 






u 






St 


\ 


Si 


Answer the following question based on the following passage. 
76. The charge appealing on the outer surface of extreme left 
plate is 

a. —(G/2) b. (2/2) c. Q d. -Q 


77. The charge that will (low to earth when only switch Si is 
connected to earth is 

a. -(g/2) b. (|2/2) c. Q d. -Q 

78. The charge that will flow to earth through S 2 when both 
the switches S) and S 2 are grounded simultaneously is 


a. Q 


b. -Q 


'■b 


d. - 

4 


For Problems 79-81 

Three concentric spherical conductors A , B and C of radii R> 
2 R and 4 R respectively. A and C is shorted and B is uniformly 
charged (charge ~VQ\ 



79. Charge on conductor A is 

a. <2/3 b. -<2/3 

80. Potential at A is 

a .-e_ 

4/re 0 ^ 

2 

c. - 

2bn£$R 

81. Potential at B is 

Q 


c. 2<2/3 


d. - 


2 Q 
3 



of these 

a. --- 

4n£$R 

D.- 

[6tT£oR 


c. 2 


sin# 

487T£o^ 

4&7T8oR 


For Problems 82-84 

Two capacitors of capacity 6 juF and 3 pF are charged to 100 
V and 50 V separately and connected as shown in Fig. A 1.104. 
Now all the three switches S\, S 2 and S$ are closed. 

3pF 



200 V 

Fig. A1.104 

82. Which plate(s) form an isolated system 

a. plate 1 and plate 4 separately. 

b. plate 2 and plate 3 separately. 

c. plate 1 and plate 4 jointly 

d. plate 2 and plate 3 jointly. 

83. Charges on 6 juF and 3 pF capacitors in steady state will 
be 


d. -Q 
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a. 400 pC\ 400 juC b. 700 pC, 250 pC 

c. 800 pC, 350 pC d. 300 pC, 450 pC 

84. Suppose gi >q 2 and be the magnitudes of charges flown 
from switches Si, S 2 and S 3 after they are closed. Then 

a. q\ = 43 and q 2 — 0 

b- q\ = 43 = y 
■ c. 4ri = 43 = 3^2 

d. <71 “ 42 = 

For Problems 85-87 

Most capacitors have a non-conducting material between their 
conducting plates. Placing a solid dielectric between the plates 
of capacitor serves following three functions: 

i. It solves the problems of maintaining two laige metal sheets 
at a very small separation without actual contact, 
il. It increases the maximum possible potential difference which 
can be applied between the plates of capacitor without the 
dielectric breakdown. 

jii. It increases the capacity of rhe capacitor. When a dielectric 
material is inserted between the plates (keeping thecharge to 
be constant) the electric field and hence potential difference 
decreases by a factor K. Electric field decreases because an 
induced charge of the opposite sign appears on each surface 
of dielectric. 

85. Two metal plates having charges Q and - Q face each 
other at some separation and arc dipped into an oil-tank. 
If all oil is pumped out, the electric field between the plates 
will be 

a. increased b- decreased 

c. remain same d. become zero 

86 . A dielectric slab is inserted between the plates of an iso¬ 
lated charged capacitor. Which of the following quantities 
will remain same. 

a. the electric field in the capacitor 

b. the charge on capacitor 

c. the potential difference between the plates 

d. stored energy in the capacitor 

87. In a parallel plate capacitor, the region between the plates 
is filled by a dielectric slab. The capacitor is connected to 
a cell and the slab is taken out then, 

a. some charge is drawn from cell. 

b. some charge is returned to the cell. 

c. the potential difference across the capacitor is re¬ 
duced. 

d. no work is done by an external agent in taking the 
slab out. 

For Problems 88-90 

In Fig. A 1.105 m A = m B = 1 kg 

Block A is neutral while block B carries charge —1 C. Sizes 
of A and B are negligible. Block B is released from rest at a 
distance 1.8 m from A. Initially spring is neither compressed or 
stretched. , 




ION. 


k = 18 WVm 

—wvw 


= 1.8 ra 


Fig. A 1.105 


88 . In collision, between A and B is perfectly inelastic, what 
is the velocity of combined mass just after collision. 

a. 6 m/s b. 3 m/s c. 9 m/s d. 12 m/s 

89. Equilibrium position of the combined mass is at 

x = _ _rru 



90. The amplitude of oscillation of the combined mass will 
be 



b. 

<L 


■7124 

3 

7106 


Matching 
Column Type 


. 

Solutions on page AJ. 73 


1. A conducting shell of inner radius R\ and outer radius R 2 
is given a charge +Q, A point chargeis placed inside the 
shell and q 2 is placed outside the shell. Then, for various 
locations of q { and q 2 match the entries of Column 1 with 
the entries of Column II. 


Column I 

Column II 

i. If q\ is at center and q 2 - 0, then 
—► ” 

E at center of shell due to charge 
on outer surface of shell is 

a qi 

4jrsor 2 ' 

ii. If q 1 is not at center and qi is at 

—► 1 

distance r from the tenter, then E 
at the inner surface of shell (at a 
point closest to qi) due to charge 
on outer surface of shell is 

b qz 

* 47rso(r — /f ,) 2 

lii. If q\ is at center and q 2 is at dis¬ 
tance r from the center, then E at 
a point distant r 2 (> r) from the 
center of shell due to outer sur¬ 
face charge is 

c. zero' 

‘A; .$, ■ A v|;*J71 \ 

iv. If q\ is not at center and q 2 = 0,. 
—> 

then E at point P (P is at a dis¬ 
tance r from q{) due to charge of 
inner surface of shell is 

d. cannot be,der 
terihined 

. 
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2. For the situation shown in Fig. A1 J07, match the entries 
of Column I with entries of Column II. 


Column! 

Column n 

- i. If we displace the inside 
charge, 

a, distribution of charge on 
inner surface of conduc¬ 
tor is uniform. 

ii. Jfwe displace,^ outside 
charge keeping the inside 
charge at center, 

r bu distribution of. charge on 
inner surface of conduc¬ 
tor is non-uniform. 

lit. If both the charges are 
displaced. 

c. distribution of charge on 
outer surface of conduc¬ 
tor is uniform. 

iv. If outside charge is not 
present and inside charge 
is at center, 

d. distribution of charge on 
outer surface of conduc¬ 
tor is non-uniform. 



Column I 

Column'll 

i. When a dielectric slab is grad¬ 
ually inserted between the 
plates of an isolated parallel 
plate capacitor, 

a; theelectfi'c'potential 
energy of the system 
decreases. 

ii. When a dielectric slab is grad¬ 
ually inserted between the 
plates of a parallel plate ca¬ 
pacitor and its potential is kept 
constant. 

b. work done by exter¬ 
nal agent is positive. 

lit* When the plates of a parallel 
plate capacitor are pulled apart 
keeping its potential constant, 

c. work done by bat¬ 
tery is positive. 

1 iv. When the plates of a paral¬ 
lel plate capacitor are.pulled 
apart, keeping its charge con¬ 
stant. 

d. work done by exter¬ 
nal agent is nega¬ 
tive. 


4. A capacitor of capacitance C is charged to a potential V. 
Now, it is connected to a battery of emf E as shown in 
Fig. A1.1 OS. Based on this information, match the entries 
of Column I with entries of Column II in the following 
Table. 

v 


c 


E 

Fig. A1.108 


Column I 

Column II 

i. If V = E, then 

a, charge flows in.the cir¬ 
cuit V 

' ii. If V > B, then- 

b. no charge flows-in the 
circuit. 

iii. If V < E, then 

c. non-zero thermal en¬ 
ergy will be dissipated 
in the circuit. 

iv. If the plates of-capaci¬ 
tor are shorted; then 

d. outer surfaces of the 
plates of capacitor 
have zero charge. 


5. In Fig. A1.109 l the separation between the plates of C i is 
slowly increased to double of its initial value. Now, match 
the entries in columns I and II. 


Ci C 7 



Fig. A1.109 


Column I 

Column II 

i. The potential differ¬ 
ence across C) 

a. increases 

iL The potential differ¬ 
ence across C% 

b. decreases 

iii. The energy stored in 
Ci 

c. increases by a factor of 
6/5 

iv. The energy stored in 

c 2 

d. decreases by a factor of 
18/25 


6 . Two point charges of 10" 8 C and —10" 8 C are placed 
0.1 m apart (Fig. A1.110). Match the electric field in¬ 
tensity for points in Column I with corresponding values 
in Column II. 
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Column 1 

Column 11 

1. Total electric field in¬ 
tensity at point P 

a. 3.2 x 10 4 NC - 1 along- 
AQ 

H. Tbtal electric field in¬ 
tensity at point Q 

b.7.2x 10 4 NC -1 along 
PB 

111* Total electric field in¬ 
tensity at point R 

c. 4000 NC-’ 

iv. Electric field intensity 
at point Q due to 
charge at B . 

d.9 x 10 3 NC-> 


A' 



Fig. A1.110 


7. 


Column I 

Column n .. 

1, Spherical charged con¬ 
ductor 

- ; 

a; At the surface, electric 
field is continuous and 
maximum. 

: H. Spherical nbn - 1 

conductor : having' 

uniform volume 

distribution of charge 

bf At the surface, electric 
field is discontinuous. 

ill. Charged ring 

c. Electric field is uni¬ 
form. 

Iv. Infinite sheet of charge 

d. At the center, electric 
field is zero. 


8 . 


Column! 

Column!! 

1. Infinite sheet of charge 

a. uniform non-zero elec¬ 
tric field intensity 

ii. At the center of uni¬ 
formly charged solid 
sphere 

b. uniform, decreasing 
potential 

HI. Due to infinite line 
charge assuming po¬ 
tential to be zero at in¬ 
finity 

c. infinite potential ev- . 
etywhere 

’iv. Inside a charged con¬ 
ducting sphere 

d. maximum magnitude 
of potential 


9. A solid conducting sphere of radius a is placed inside a 
conducting shell of radius b so that both are concentric. 
Now, the shell is given a charge Q. Match the following; 


Column I 

Column II 

i. Charge appealing on’ the inner 
sphere 

a. zero 

ii. Charge appearing on the inner 
sphere after it is earthed 

b .Q 

Hi. Electric field intensity (£) inside 
the inner, sphere (before earthing) 

c. Qalb 

iv. Electric field intensity (£) inside 
the inner sphere after it is earthed 

d 1 Q 
* 4ttSo db 


10. In the following table, Column I gives certain situations 
involving two thin conducting shells connected by a con¬ 
ducting wire via a key K . In all situations, one sphere has 
net charge +3 and other sphere has no net charge. After 
the key K ls pressed, Column II gives some resulting ef¬ 
fect. Match the figures in Column I with the statements in 
Column II. 



il. Capacitors with capacitances C, 2 C, 3 C and 4C are 
charged to the voltages V, 2V , 3V , and 4V respectively. 
Circuit is closed. Now match the following. (Assume volt¬ 
ages across capacitors in equilibrium are V j, V?, V 3 and 
V 4 , respectively.) 
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3C3K 

Fig. A1.111 


Column! 

Column IL 

j 

a. , volt 



U.V, 

■ ..v. 

19.. : • 

c. —volt 

. • 

i iv. V4 ■■ 

“ ^ T“, " — - 

d. —volt 


12. Fig. A1.112(a) A shows a uniformly charged ring of radius 
R . Its axis is along the X-axis and the ring is in the YZ 
plane. Point P can be anywhere on the X-axis and P* in 
the XY plane. 


Y Y 



- + + X 

P 


i 

i 

-Y 

(c) 

Fig. A1.112 

Fig. A 1.112(b) shows a uniformly charged disk of radius 
/?. Its axis is along the X-axis and the disk is in the YZ 
plane. Point P can be anywhere on the X-axis and P* in 
theXy plane. 

Fig. A 1.112(c) shows an infinite line charged uniformly, 
placed along y-axis. P is a point on X-axis and P' in the 
XY plane. 

E x ,E y , and E z are the components of electric field along 
jc-, y-, and z-axis and E p and E p > are net electric fields at 
P y and P\ respectively. 

Now, match the following columns. 


Column I , , 

-_ ' 

Column II 

1. E* — 6, Ey = 0, 
^=0 ... 

a. Point P' in figure (c) 

. ' ' ■.' ■ 

ii. Ex ^ 0. Ey =0( , 

E z .~0 . 

b. Point P! in figure (b) 

V’ ■ ' J' 1 

In. E x ^ 0, Ey^0, 

£,=o 

c. Point P in figure (c) 

iy. Ep = Ep* >/ : 

d.point P. in figures,(a) and(&). 


13. An electric dipole is placed in a uniform external elec¬ 
tric field. 0 is the angle between the dipole moment and 
the field direction. In general, the dipole rotates under a 
torque. With reference to the behaviour of the dipole in 
an electric field, match Column I with Column II. 


Column I ft 

Column .11 

h Potential energy of the dipole is 
maximum 

a* conserved 

‘ 1 : ■ 

ii. 'Angular acceleration of, the, 
dipole is maximum 

b. npt conserved; 

iii. Angular momentum ofthe dipole. 

c. 0 = 180 ? , ... 

iv. Kinetic energy of the dipole. 

a. 0 = 90 ° 


14. In each situation of Column I, two electric dipoles having 
dipole moments p\ and pi of same magnitude (that is 
P\ = Pi) are placed on x-axis symmetrically about origin 
in different orientations as shown. In Column II, certain 
inferences are drawn for these two dipoles. Then, match 
the different orientations of dipoles in Column I with the 
corresponding results in Column-IL 
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Column L 

Column II 

. . . j 

i 

l J.’y 

l 

d. Electric field at ori¬ 

.Pi - 

< • - 

Pi 

--X 

gin is zero. 

(-o.O) 

(0.0) 


iv.(pi and pi are parallel to 


jf-axis as shown) 



IS. 


Column I 

Column II 

i. | Eiu at 1 for a dipole 

a. |P| 

rA^^nr 3 

. -'•V —> 

| ^equipments! !. for a dipole 

K SP-\ 

A A 

Atz £(\ r s 

iii. When dipole is in uniform elec¬ 
tric field when # — 0° ' 

.^net 

l Iv, When dipole-is. in non-uniform 
electric field when 9 = 0 s 

d- ^net 7^ 0, 


16. A certain electric field is given as 

E = - [(2xy + z 2 )i + (2yz + x 2 )j + (2zx + y 2 ) k] 


- . Column I ■ 

Column II 

l Work done by electric field in taking 
d unit charge from (0,0,0) to (3,4, 

. J 0). alorig ti straight line ■ 

a. - 36 linits 

ii. Work done by electric field in taking 
' a charge ifinom’(3 ;:4, 0). to. (0, 6 l , 0)' 
■0U along a straightline c \ 

b. + 36 units 

. iii. Work dpne.by .external agent in tak¬ 
ing a charge from (3, 4, 0) to (6> 8* ;. 
0 ) .without change in K.E.; 

C.. zero units 

' iy.^Net charge enclosed in a sphere of 
radius 5 units centred at the origin. 

d..+252 units 


i 

. 

5 V< 

> A (0, ] m) 


5 . V ► 

0 

B( 1 m> 0) 

3 Vi 

1 C (0, 1 m) 


Fig. A1.113 


17. An uniform electric field exists in straight line in the X-Y 
plane. The potential at different point in region are shown 
in the figure. Now match the following list if charge parti¬ 
cles P (mass = 10 -6 kg). Charge = —2sf2 pC are released 
from a origin. 


. Column I 

Column II 

i. Co-ordinate of posi¬ 
tion of‘particle P at. 
timet = 2\/2 : sec; 

a. (4x/2m, 4\/2w) 

ii, co-ordinate of 4 posi¬ 
tion of particle, 6 at 
‘ . time i"-2 sec,"I " 

K{—4</2m, ~4\/2m) 

iii. Distance travelled by, 
particle y in 2.s6c is % 

c. 8 m 

: -■ ■ 

iv. Distance tvavelled by 
particle P 'in 2.sec is ,. 

. d.Ariv, 


Archives 


Solutions on page ALJ6 ' 


Fill in the Blanks Type 

1. Five identical capacitor plates* each of area A, are ar¬ 
ranged such that adjacent plates are a distance d apart. 
The plates are connected to a source of e.m.f. V as shown 
in Fig. A1.114. (IIT-JEE, 1984) 



Fig. A1.114 

The charge on plate 1 is_and that on plate 4 is 


2. Fig. A 1.115 shows line of constant potential in a region 
in which an electric field is present. The values of the 
potential are written in brackets. Of the points A* B t and 
C> the magnitude of the electric field is greater at the point 

_ (IIT-JEE, 1984) 



Fig. A1.115 

3. Two small balls having equal positive charges Q 
(coulomb) on each are suspended by two insulating strings 
of equal length L (metre) from a hook fixed to a stand. The 
whole setup is taken in a satellite into space where there 
is no gravity (state of weightlessness). The angle between 

the two strings is_and the tension in each string 

is_newton. (IIT-JEE, 1986) 
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4. Two parallel plate capacitors of capacitances C and 2 C 

are connected in parallel and charged to potential differ¬ 
ence V . The battery is then disconnected and the region 
between the plates of the capacitor C is completely filled 
with a material of dielectric constant K . The potential 
difference across the capacitors now becomes_ 

(IIT-JEE, 1988) 

5. A point charge q moves from point P to point S along the 

path PQRS in a uniform electric field E pointing parallel 
to the positive direction of the X-axis (Fig. AL116). The 
coordinates of the points P, Q> R> and S are (a t b> 0), (2a > 
0,0) (a t —b s 0), and (0,0,0), respectively. The work done 
by the field in the above process is given by the expression 
_^ (IIT-JEE, 1989) 


Y 






V 

* 



Fig. A1.116 


6 . The electric potential V at any point*, y, z (all in metres) 

in space is given by V = Ax 1 V. The electric field at the 
point (1 m, 0, 2 m) is_Vm _I . 

(IIT-JEE, 1992) 

7. Five point charges, each of value +4 coulomb, are placed 
on five vertices of a regular hexagon of side L me¬ 
tres. The magnitude of the force on the point charge of 
value -q coulomb, placed at the center of the hexagon is 
_newton. 



(IIT-JEE, 1992) 


True or False 

1. The work done in carrying a point charge from one point 
to another in an electrostatic field depends on the path 
along which the point charge is carried. (IIT-JEE, 1981) 

2. Two identical metallic spheres of exactly equal masses 

are taken. One is given a positive charge Q coulombs 
and the other an equal negative charge. Their masses after 
charging are different. (IIT-JEE, 1983) 

3. A small metal ball is suspended in a uniform electric field 

with the help of an insulated thread. If a high-energy X- 
ray beam falls on the ball, the ball will be deflected in the 
direction of the field. (IIT-JEE, 1983) 


4. Two protons A and B are placed in between the two plates 
of a parallel plate capacitor charged to a potential differ¬ 
ence V as shown in Fig. A 1.118. The forces on the two 
protons are identical. (IIT-JEE, 1986) 



Fig. A1.118 


5. A ring of radius R carries a uniformly distributed charge 
+ Q. A point charge -q is placed on the axis of the ring 
at a distance 2R from the center of the ring and released 
from rest. The particle executes a simple harmonic motion 
along the axis of the ring. (IIT-JEE, 1988) 


Single Correct Answers Type 

1 . A hollow metal sphere of radius 5 cm is charged such that 
the potential cm its surface is 10 V. The potential at the 
center of the sphere is 

a. zero 

b. 10 V 


c. same as at a point 5 cm away from the surface 

d. same as at a point 25 cm away from the surface 

(IIT-JEE, 1983) 

2. Two point charges +q and -q are held fixed at (- d , 0) and 
( d , 0), respectively, of a x-y coordinate system. Then, 

a. electric field E at all points on the * -axis has the same 
direction. 

b. electric field at all points on y-axis is along x-axis. 

c. work has to be done in bringing a test charge from 00 

to the origin. * 

d. the dipole moment is 2 qd along the x-axis. 


(IIT-JEE, 1995) 

3. A parallel plate capacitor of capacitance C is connected 
to a battery and is charged to a potential difference V. 
Another capacitor of capacitance 2 C is similarly charged 
to a potential difference 2 V. The charging battery is now 
disconnected and the capacitors are connected in parallel 
to each other in such a way that the positive terminal of 
one is connected to the negative terminal of the other. The 
final energy of the configuration is 


a. zero 



3 . 

b. - CV 2 

2 

(IIT-JEE, 1995) 
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4. An electron of mass m £> initially at rest, moves through 
a certain distance in a uniform electric field in time t\ . A 
proton of mass m pi also initially at rest, takes time t 2 to 
move through an equal distance in this uniform electric 
field. Neglecting the effect of gravity, the ratio t 2 lh is 
nearly equal to 

a. 1 b. (m p lm e ) ] / 2 

c. (m e /m p ) [/1 d. 1836 

(IIT-JEE, 1997) 

5. A non-conducting ring of radius 0.5 m carries a total 
charge of LI 1 x 10 " 10 C distributed non-uniformly on its 

circumference producing an electric field E everywhere 

/=o 

in space. The value of the integral f —E >dl (1 = 0 being 

!=oo 

center of the ring) in volts is 
a. +2 b. -1 

c. —2 d. zero 

(IIT-JEE, 1997) 

6 . Two identical metal plates are given positive charges £>i 
and Q 2 (< Q\)> respectively. If they are now brought close 
together to form a parallel plate capacitor with capacitance 
C, the potential difference between them is 

a. (Qi + Qi)/(2C) 
b* (Qi + Qi)/ C 

c. (Qi-Qi)/C 

d. (Qi - Qi)/(2C) 

(IIT-JEE, 1999) 

7. For the circuit shown in Fig. Al. 119, which of the follow¬ 
ing statements is true? 


- 30 V V 2 = 20 V 

+ n ~^b + n~ 

C, = 2pF C 2 =3pF 


Fig. A1.119 

a. With S) closed, V, = 15 V, V 2 = 20 V. 

b. With S 3 closed, V, = V 2 = 25 V. 

c. With and -Si closed, = V 2 = 0. 

d. With Si and S 2 closed, V) = 30 V, V 2 = 20 V. 



9. A parallel plate capacitor of area A , plate separation d and 
capacitance C is filled with three different dielectric ma¬ 
terials having dielectric constants k \, k 2> and k$ as shown 
(Fig. AL 121). If a single dielectric material is to be used 
to have the same capacitance C in this capacitor, then its 
dielectric constant k is given by 



A = area of plates 

Fig. A1.121 


L 1 1 1 

a. - = —I- 1 - 

k k\ k 2 2k$ 

b. - = — 1 —■ 
k k { +k 2 


_L 

2*3 


C. k — 


k\k 2 


+ 2k 3 


k i + k 2 

d. k = ky + k 2 + 2*3 


(IIT-JEE, 2000) 


10 . Three positive charges of equal value q are placed at the 
vertices of an equilateral triangle. The resulting lines of 
force should be sketched as in 



(IIT-JEE, 2001) 


11. Consider the situation shown in Fig. AL122. The capac¬ 
itor A has a charge q on it whereas B is uncharged. The 
charge appearing on the capacitor B a long time after the 
switch is closed is (IIT-JEE, 2001) 


(IIT-JEE, 1999) a. zero 


b. ql2 


8 . Three charges Q> +<?, and +4 are placed at the vertices of 
a right angled isosceles triangle as shown (Fig. AL120). 
The net electrostatic energy of the configuration is zero if 
Q is equal to 

a.- -= b. -p 

1 + a/2 2 + 

c. —2 q d. +q 


c. q d. 2q 

0 

+ - 

+ - 
+ - 
+ - 

+ - 

+ - 

A B 



(IIT-JEE, 2000) 


Fig. Al.122 
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12. A uniform electric field pointing in positive .redirection 

exists in a region. Let A be the origin* B be the point on 
the a:- axis at x - +1 cm and C be the point on the y-axis 
at y = +1 cm. Then, the potentials at the points A , B and 
C satisfy (IIT-JEE, 2001) 

a. V A < V B b. > V B 

c. V A < V c d. > V c 

13. Two equal point charges are fixed at x = — a and x = +a on 

the x-axis. Another point charge Q is placed at the origin. 
The change in the electrical potential energy of Q , when 
it is displaced by a small distance x along the x-axis, is 
approximately proportional to (IIT-JEE, 2002) 

a. x b. x 2 c. x 3 d. \/x 

14. TWo identical capacitors have the same capacitance C . 
One of them is charged to potential Vi and the other to V2. 
The negative ends of the capacitors are connected together. 
When the positive ends are also connected, the decrease 
in energy of the combined system is 


a. i C(V 2 - Vi) 

b. \c{v't + vi) 

c. fc(Vi- Vi) 1 

d. -C(V, + Vi) 2 

4 


(IIT-JEE, 2002) 


15. A metallic shell has a point charge V kept inside its 
cavity. Which one of the following diagrams correctly 
represents the electric lines of force? (IIT-JEE, 2003) 



16. Six charges of equal magnitude, 3 positive and 3 negative, 
are to be placed on PQRSTU comers of a regular hexagon, 
such that field at the center is double that of what it would 
have been if only one +ve charge is placed at R. 


P Q 



Fig. A1.123 

s* +* +< +* — ■* — b. —, +, + f -K —, — 

c* —» +1 +» —> +> — d. -h —, -h -» +, — 

(IIT-JEE, 2004) 

17. A Gaussian surface in Fig. A1.124 is shown by dotted 
line. The electric field on the surface will be 

a. due to q\ and q% only 

b. due to q2 only 

c. zero 

d. due to all (HT-JEE, 2004) 

18. Three infinitely long charge sheets are placed as shown in 
Fig. A 1.125. The electric field at point P is 


t » \ • 

; <71 | m 

y 

Fig. A1.124 


A 

G 

iZ 

- 2 a 

Z - Ja 

• P 

~7 — a 


-►. 


Fig. A1.125 


a. 


c. 


— k 

£0 

2a ^ 
£0 


b. 

d. 


£0 

eo 


(IIT-JEE, 2005) 


19. A long hollow conducting cylinder is kept coaxially inside 
another long hollow conducting cylinder of larger radius. 
Both the cylinders are initially electrically neutral. Then 


a. a potential difference appears between the two cylin¬ 
ders when a charge density is given to the inner cylin¬ 
der. 

b. a potential difference appears between the two cylin¬ 
ders when a charge density is given to the outer cylin¬ 
der. 

c. no potential difference appears between the two 
cylinders when a uniform line charge is kept along 
the axis of the cylinders. 

d. no potential difference appears between the two 

cylinders when same charge density is given to both 
the cylinders. (IIT-JEE, 2007) 


20. Consider a neutral conducting sphere. A positive point 
charge is placed outside the sphere. The net charge on the 
sphere is then (IIT-JEE, 2007) 

a. negative and distributed uniformly over the surface 
of the sphere 

b. negative and appears only at the point on the sphere 
closest to the point charge 

c. negative and distributed non-uniformly over the en¬ 
tire surface of the sphere 

d. zero 


21. A spherical portion has been removed from a solid sphere 
having a charge distributed uniformly in its volume as 
shown in Fig. A1.126. The electric field inside the emptied 
space is (IIT-JEE, 2007) 

a. zero everywhere 

b. non-zero and uniform 

c. non-uniform 

d. zero only at its center 
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Fig. AUK 


/ 

[ 



'\ 

) 4 - 

\t 

U 

> 

/ 


Fig. A1.128 


22. Positive and negative point charges of equal magnitude 
are kept at (0, 0. all) and (0, 0. —n/2), respectively. The 
work done by the electric field when another positive point 
charge is moved from (-a, 0,0) to (0, a, 0) is 

a. positive 

b. negative 


25. Three concentric metallic spherical shells of radii R, 2 JR, 
3R, are given charges Q\. Qi, Qy, respectively. It is found 
that the surface charge densities on the outer surfaces of ; 
the shells are equal. Then, the ratio of the charges given 


to the shells, Q\ : Q 2 : Q 3 is 

(IIT-JEE, 2009) 

a. 1:2:3 

b. 1:3:5 

c. 1:4:9 

A 1:8:18 


c. zero 

d. depends on the path connecting the initial and final 

positions (IIT-JEE, 2007) 

q q 2 q 

23. Consider a system of three charges ~ and -~ 

" placed at points A , B t and C, respectively, as shown in 
Fig. A1.127. Take O to be the center of the circle of ra¬ 
dius R and angle CAB - 60*. Then (IIT-JEE, 2008) 



a. the electric field at point O is ; 


directed along 


SnsoR 2 

the negative x-axis. 

b. the potential energy of the system is zero. 

c. the magnitude of the force between the charges at C 

q 2 

and B is —- 

54tC£qR 2 

q 

d. the potential at point O is-. 

¥ 12ttso R 

24, A disk of radius a/4 having a uniformly distributed 
charge 6C is placed in the x-y plane with its centre at 
(-a/2, 0, 0). A rod of length a carrying a uniformly dis¬ 
tributed charge 8C is placed on the *-axis from x — n/4 
to x —5a /4. Two point charges —1C and 3 C are placed at 
(a/A, —a/ 4, 0) and (—3a/A, 3a/A, OX respectively. Con¬ 
sider a cubical surface formed by six surfaces x = ±a/ 2, 
y — ±a/2, z = ±a /2. The electric flux through this cubi¬ 


cal surface is 
—2C 


a. 


(IIT-JEE, 2009) 

2C 


10C 


t>. — 

s o 

12C 






(Q \ + Qi + 



Assertion-Reasoning Type 

a. Statement I is True, Statement II is True; Statement 
II is a correct explanation for Statement I. 

b. Statement I is True, Statement II is True; Statement 
II is NOT a correct explanation for Statement L 

c. Statement I is True, Statement II is False, 

d. Statement I is False, Statement II is True. 

Statement I: For practical purposes, the earth is used as a ref¬ 
erence at zero potential in electrical circuits. 

Statement II: The electrical potential of a sphere of radius R 
with charge Q uniformly distributed on the surface is given by 

Q 

AnsoR 

Comprehension Type 

For Problems 1-3 

The nuclear charge (Ze) is non-uniformly distributed within a 
nucleus of radius R. The charge density p(r) [charge per unit 
volume] is dependent only on the radial distance r from the 
center of the nucleus as shown in Fig. Al. 130. The electric field 
is only along the radial direction. 

1. The electric field at r — R is 

a. independent of a 

b. directly proportional to a 

c. directly proportional to a 2 

d. inversely proportional to a 

























A1.42 Physics for IIT-JEE: Electricity and Magnetism 



2. For a = 0, the value of d (maximum value of p as shown 
in the Fig. A 1.130) is 


3 Ze 

b. 

3 Ze 

" 4 nR 3 

7ZR 3 

4 Ze 

d. 

Ze 

3k R 2 

3 ~n¥ 


3. The electric field within the nucleus is generally observed 
to be linearly dependent on r. This implies 


a. a - 0 


c. a — R 


b, a 
d. a 


R 

2 

2R 
3 


Multiple Correct Answers Type 

L Two equal negative charges -q are fixed at points (0, ±a) 
on y-axis. A positive charge Q is released from rest at the 
point (2 a, 0) on the *-axi$. The charge Q will 

a. execute simple harmonic motion about the origin 

b. move to the origin and remain at rest 

c. move to infinity 

d. execute oscillatory but not simple harmonic motion 


(IIT-JEE, 1984) 


2. A parallel plate air capacitor is connected to a battery. 
The quantities charge, voltage, electric field and energy 
associated with the capacitor are given by (2o> Vo» Eq 
and t/ 0 , respectively. A dielectric slab is now introduced 
to fill the space between the plates with battery still in 
connection. The corresponding quantities now given by 
Q, V , E and U are related to the previous one as , 

a. Q > Q 0 b. V > V 0 

c. E > Eq d. U > Uq 


3. A charge q is placed at the center of the line joining twc 
equal charges Q. The system of the three charges will be 
in equilibrium if q is equal to (IIT-JEE, 1987) 

Q 


-4 


b. — 


c. 


4 


d. +- 


4. A parallel plate capacitor is charged and the charging bat¬ 
tery is then disconnected. If the plates of the capacitor are 
moved farther apart by means of insulating handles: 


a. the charge on the capacitor increases. 


b. the voltage across the plates increases. 

c. the capacitance increases. 


d. the electrostatic energy stored in the capacitor in¬ 
creases. (IIT-JEE, 1987) 

5. A solid conducting sphere having a charge Q is sur¬ 
rounded by an uncharged concentric conducting hollow 
spherical shell. Let the potential difference between the 
surface of the solid sphere and the outer surface of the 
hollow shell be V. If the shell is now given a charge of 
—3 Q, the new potential difference between the same two 
surfaces is 

a. V b, 2V c» 4V d. -2V 

(IIT-JEE, 1989) 

6. Seven capacitors, each of capacitance 2 jliF, are to be con¬ 
nected in a configuration to obtain an effective capacitance 
of 10/11 pF. Which of the combination (s) shown in the 
given graphs will achieve the desired result? 






(IIT-JEE, 1990) 


1. A parallel plate capacitor of plate area A and plate sepa¬ 
ration d is charged to potential difference V and then the 
battery is disconnected. A slab of dielectric constant K is 
then inserted between the plates of the capacitor so as to 
fill the space between the plates. If Q, E and W denote, 
respectively, the magnitude of charge on each plate, the 
electric field between the plates (after the slab is inserted) 
and work done on the system, in question, in the process 
of inserting the slab, then (IIT-JEE, 1991) 


a. Q = 


SqAV 

d 


b. e = 


s 0 KAV 

d 


c. E 


V 

Yd 


d. 


W = 


fioAK 2 

2d 


[■ 



8. Two identical thinrings, each of radius R metres, arecoax- 
ially placed a distance R metres apart. If Q\ coulomb, 
and Q 2 coulomb, are, respectively, the charges uniformly 
spread on the two rings, the work done in moving a charge 
q from the center of one ring to that of the other is 
a. zero 

b q(Q, -&)(a/5-1) 

(4 SqR') 
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g+/2(Q\ 4- Q 2 ) 

(4 ne 0 R) 

q{Q\ + fii)(V5+0 

(4 -j2nsoR) 


(IIT-JEE, 1992) 


9. The magnitude of electric field E in the annular region of 
a charged cylindrical capacitor (IIT-JEE, 1996) 

a. is same throughout. 

b. is higher near the outer cylinder than near the inner 
cylinder. 

c. varies as \!r , where r is the distance from axis. 

d. varies as 1/r 2 where r is the distance from the axis, 

10. A metallic solid sphere is placed in a uniform electric field 
The lines of force follow the path(s) shown in Fig, A1J31 
as (IIT-JEE, 1996) 



Fig. A1.131 


a. 1 b. 2 c. 3 d. 4 


II. A dielectric slab of thickness d is inserted in a parallel 
p] ate capacitor whose negative plate is at jc = 0 and positive 
plate is jc = 3J. The slab is equidistant from the plates. The 
capacitor is given some charge. As x goes from 0 to 3 d, 

a. the magnitude of the electric field remains the same. 

b. the direction of the electric field remains the same. 


c. the electric potential increases continuously. 

d. the electric potential increases at first, then decreases 

and again increases. (IIT-JEE, 1998) 


12. A charge +q is fixed at each of the points x = xq, x = 3jr 0 , 
x = 5xo and so on, on the x-axis, and a charge-^? is fixed at 
each of the points x = 2 xq, jc =: 4x 0 , jc = 6x0 and so on. 
Here, jcq is a positive constant. Take the elecuic potential 
at a point due to a charge Q at a distance r from it to be 
Q j (4n£or). Then, the potential at the origin due to the 
above system of charges is (IIT-JEE, 1998) 

9 


a. 0 


c. 00 


b. 


d. 


87rs 0 -co)n2 
q In 2 
4irs 0 x 0 


13. A positively charged thin metal ring of radius R is fixed 
in the xy plane with its center at the origin 0. A nega¬ 
tively charged particle P is released from rest at the point 
(0,0, zo\ where zo > 0. Then, the motion of P is 


a. periodic, for all values of zo satisfying 0 < zq < 00 


b. simple harmonic, for all values of zo satisfying 
0 < zo < R 

c. approximately simple harmonic, provided z<> << R 


d. such that P crosses O and continues to move along 
the negative z-axis towards z = — 00 . 

(IIT-JEE, 1998) 

14. A non-conducting solid sphere of radius R is uniformly 
charged. The magnitude of the electric field due to the 
sphere at a distance r from its center (IIT-JEE, 1998) 

a. increases as r increases, for r < R 

b. decreases as r increases, for 0 < r < 00 

c. decreases as r increases, for R < r < 00 

d. is discontinuous at r = R 


15, An elliptical cavity is carved within a perfect conductor 
(Fig. AL132). A positive charge q is placed at the center 
of the cavity. The points A and B are on the cavity surface 
as shown in the figure. Then 



a. electric field near A in the cavity = electric field near - 
B in die cavity 

b. charge density at A- charge density at B 

c. potential at A = potential at B 

d. total electric field flux through the surface of the cav¬ 
ity is q/e Q . (IIT-JEE, 1999) 


16. The electrostatic potential (</>,) of a spherical symmetric 
system, kept at origin, is shown in Fig. Al .133, and given 
as (IIT-JEE, 2006) 



Fig. A1.133 


<t>r = 


47ZSo r 


(r > #o)A - 


4jtco^o 


(r < R 0 ) 


Which of the following option(s) is/are correct? 

a. For spherical region r < Ro> total electrostatic energy 
stored is zero. 

b. Within r = 2#o» total charge is q . 

c. There will be no charge anywhere except at r — Rq. 

d. Electric field is discontinuous at r — R$. 


Integer Answer Type 

1. A solid sphere of radius R has a charge Q distributed in 
its volume with a charge density p ^ kr a wher k and a are 
constants and r is the distance from its centre. If the electric 
field at r = R/2 is 1/8 times that at r = R> find the value of 
a. (IIT-JEE, 2009) 





















A1.44 Physics for IIFJEE: Electricity and Magnetism 


ANSWERS AND SOLUTIONS 


Objective Type 


1. c. (Force on Q due to both charges +4 on jc-axis will be 
cancelled. Now, net force on Q due to q and —4 q on y-axis 
should be zero. 

y 

t 

i 



kQq 


(2cos30 a > 


,a\2 


kQ4q 


= 273 


m 


Icq y| ¥ j 

2. b. Charge on metal sphere: V } = —- => q =- 

ri k 

On connecting the sphere with shell,'entire charge will 
be transferred to the shell. So, potential of sphere now: 

Vl = *£ = vm 

r 2 r 2 

3. c. Let capacitance of conductor is C\ and that of plate is C 2 
(Fig. A1.135). After first operation: 


a 


Q-q 

Ci 


q_ 

C\ 


Fig. A1.135 

Ci 


(0 


Let qo is the maximum charge that can be transferred to the 
conductor (Fig. A1.I36). Then, 

Q 

n 


C, 


a 


Lie. 


From (i) and (ii), qo — 


Fig. A1.136 

4o __ Q 
Ci Ci 

Qq 


(ii) 


Q-q 

4 . b. Initially, when the switch is closed on position ]-, the ca¬ 
pacitor C is connected in series with batteries £| and 
From KVL, we have 


or 


|r - £2 + Ei = 0 
Qi = (El r- E\)C 


0 ) 


Depending upon the sign of (E 2 - E\) y charge <2/ on 
the left plate may be positive (if E 2 > £i)> or negative (if 
E 2 < E{)\ charge on right plate would be equal and opposite. 

When the switch is moved to position 2 , the left plate 
(earlier having charge +£>r\ will now have charge 

'Q/^-EtC (ii) 

The net charge flow through the circuit is 


A Q = Q f - Qi = [-£] - ( E 2 - E { )]C = -E 2 C 


We can say that a net positive charge equal to E 2 C is 
pulled by the battery of e.m.f. E[ from the left plate of the 
capacitor, which flows through battery E\ and is transferred 
to the right plate of the capacitor. Work done by battery E\ 
in the process of charge transfer is 

A W = E 1 E 2 C (iti) 

A part of this work changes the energy of the capacitor: 

Ql 0 ? 1 , 1 , 

^c=^-^ = - 2 E 2 C~-(Ei- El fC 

= 1(2 EiEi-E*)C 

and the remaining part is lost as Joule heating: 

H = AW-AWc -- ^E\C 


5. b. From Fig. A 1.137 
1 . dp = (Xa dO) 2a cos 9 



ir/2 

P — j dp=^2Xa 2 j cos 9 d9 

~nf2 


= 2Xa 2 [sin OfJZ/i 
Ipl =4 Xa 1 

2. dp = (Xa dd ) 2 a cos 6 (Fig. A1.138) 



Fig. AI.138 
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jr/4 

p — J dp — lXa 1 J cos 0 

-njA 

= 2Xa 2 [sinfl]^ /4 


d6 


= 2 Ad 2 


L _L 

LV2 + V2. 


. p = 1-y/lXa 2 

6. d. dp = a (2na sm6)ad9 2a cos 9 


back to equilibrium position when displaced from the equi¬ 
librium position. 

9. a. For providing a non-zero net charge, transfer of electron 
has to take place from given charged conducting body to 
the dielectric sphere (which has to be charged), which is not 

possible in induction and conduction. 

—► 

10. b. From the expression for E due to straight wire 
(Fig. Al. 141), 

E x - — X (sin 9 2 + sin 9 { ) 

47 rsod 




Fig. A1.139 


dp = 4an a 3 sin 0 cos 6 dO 
/? = j dp = 4ana^ J sin 0 cos 0 


dB 


Let sin 9 = t 

=> cos BdQ—dt 


i 

p = 4tt aa* J t dt 


p = 2naa? 


7. a. The most general case is as shown in Fig. A 1.140. No 
net charge is induced as no flow of charge into or out from 
the body is taking place. So, mass of the bodies also remain 
unaffected. It is a temporary effect as when we take away 
the charged body, the redistribution of charge in the neutral 
body disappears. We can also consider other cases like charge 
enclosed by a conducting shell, etc. 


Induced 
body neutral 



Fig.A1.140 

8. d. Equilibrium would be stable, when the particle displaced 
from equilibrium position comes back to its equilibrium po¬ 
sition under the action of restoring forces and equilibrium 
would be unstable, when the particle has no tendency to come 


And E y = ---(cos — cos 9 2 ) 

Ane^d 



Fig. A1.141 
For the given configuration, 

„ Tt , ^ 7T 

9\ = —and 9 2 = — 

4 2 

s °' l= 

11. c. Due to induction, redistribution of charge will take place 
as shown in Fig. A1.142. 



A B 



Due to lesser distance from rod, A would have more nega¬ 
tive potential as compared to potential of B. Since spheres 
are in contact, transfer of electrons takes place from A to B 
[negative charge moves from low potential to a high poten¬ 
tial]. As spheres would be separated, A acquires some net 
positive charge while B has some net negative charge. Due 
to withdrawal of rod, the charges appearing on A and B get 
distributed over their surfaces. 

12. c. Due to q , charge gets distributed on the inner and outer 
surfaces of sphere as shown in Fig. A 1.143. On the inner 
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surface, q f (non-uniform or uniform distribution) on outer 
surface -q f (non-uniform or uniform distribution) and Q is 
uniformly distributed. 



15. b. E = - 


av* 

dx 1 




E = (- 6x + 4) 1 


So, the equipotential surfaces would be planes parallel 

—y 

to YZ plane, as E is peipendicular to equivalent surface. 

16. a. All the statements are general properties of electric Jriiqs 
of force. 

17. d. The total charge of the inner conductor transfers to the 
outer one, 


Eq — Eq' + E-q' + Eq — 0 




47t8 0 R 


—> —— > 

Eq' = -E-q' and Eq = 0 

So, Eq — q Eq = 0, 

whatever be the location of charge q . 

13. b. The charge distribution is as shown in Fig. Al. 144. Out 
of these charges, the charge on the outer surface, (q -f Q\ 

would be always uniformly distributed, so E due to charge 
on q H-'Q at any inside point is zero. [In another reasoning, 
conducting shell divides the space into two regions, inside 
and outside, which are independent of each other in terms of 
electric field]. 



> Now, electric field at the location of point charge q is only, 

due to induced charge on the inner surface of the conductor. 
As charge q moves from center to the inner surface, E- q 
increases as charge density becomes more near to q t 
14. b. dE x = 2J£sin<9 and dE y = 0 (Fig. A1.145) 

y 



dE- 


a x Rd6 
27ts Q R 


adO 

27Z£o 



/ o a 

- smddO =- 

KSq 7t £q 


18. d. The part of the ring enclosed by sphere subtends an angle 


of^d) 


at its center. 


Closed 



Q 2n Q 

So, charge enclosed by the sphere is — — x — = — 

2 7i 3 3 


So, flux crossing through the sphere is -—. 

3so 

19. b. Equal and opposite charges get induced on the inner sur¬ 
face of conductor, so the net charge enclosed by the surface 
is zero and hence flux crossing through the surface is zero. 


20. d. <p — (j> psi + <t>cs + 4>ps 2 

<f> = 2<pp S -|- 4> cs [. 4>p$ | = ^>$2] 
q 

(pcs 4* 2<p ps — 2(pp S 

£0 


To find <p ps> use integration technique. 



Fig. A1.147 


-> _ q 1 

E 4jt£q X (. x 2 + l 1 / 4) 

—, —>■ 

d<p ps = E ‘ ds = E x 2nx dx x cos 0 
q xdx 1/ 2 

~2eo X (x 2 + / 2 /4) X /x 2 + / 2 /4 

ql x dx 

4£ 0 X ( x 2 + / 2 /4) 3/2 
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b -iL f 

Pps ~4 bJ 


x dx 


ql 


u 


(x 2 + l 2 / 4)3/2 2sq 4s q Jr2 + /V4 





Cni/AT- 1) 


- CK 


Fig. A1.148 

So, charge on 1 = 0 

Charge on 2 = CV - CV j^l - ^ ^ 

/ 1 \ CV 

Chargeon3 = CVn-—J -CV = ~ — 

Charge on 4 = 0 

23- d. The resultant force acting per unit area of each plate can 
be written as F = Fq — F\ where Fq is the force acting on 
unit area of plate due to other plate and F l is the force acing 
on unit area of plate from the dielectric. 


Now, F = 


g 2 (sjsAVV 
2 eqbA _ \ d ) 


F = 

Also, Fq = F x e 


2eq eA 
BosV 2 


1 

X A 


2d 2 


So, F' = Fo — y = Fo (l — 


2d 2 


dU q 7 

24. a. Use the formula, F =-, where U — -— 

dx 2C 

Treat the cylindcal capacitor as a parallel plate capacitor as 
d << R. 

25. c. Refer concepts and formulate Isolated sphere and non¬ 
isolated sphere. 


HHHHHHH 


21. c. This work done by us is stored in the capacitor in the 
volume A(di - d\ ) where new electric field is created. 

If you calculate the work done by using the expression 




f—fl 


- Wei - dU = £ ° y V ^2 _ J-j < 0, you may get 

confused. Here, battery is also doing work, so from energy 
conservation principle. 

Wftxt + Wcl + Winery “ 0 

22. b. Due to polarization, charge on dielectric slab would be 

M- 

I- *CV( \-l/K) 


Fig. A1.149 

26. a. Charge on capacitor, Q = C(E — V) (Fig. Al. 149) 
Equivalent circuit can be drawn as (Fig. A1.150) 


C/ 2 


A —\\- 

C 


C/2 

MM 

C/2 

HH 


—11— 

L-||_J 


C 


Hh 


C/2 


3C 

2 


Fig. A1.150 

[As U and V are at same potential, remove all capacitors 
between these points] 


C -*£ 
Leq ^ 14 


27. c. The innermost conductor is at 0 potential (the same po¬ 
tential as we assumed for infinity). 

The conductors with radius a and b make one capacitor, be¬ 
tween b and c other capacitor and c makes a capacitor with its 
other plate at infinity. So, equivalent diagram can be drawn 
as 



Fig. A1.151 


Here, C\ = 


4t ze^ab 


b — a 
C 2 = 4jt£oc 
4jt£o^' 


C 3 = 


c — b 


Ccq = C 3 + 


c,c 2 r be 


C\ + C 2 


= 4 ne 0 


a be 


\_c -b ab + c(b — a) 


28. d. Initial situation after the reconnection is shown in 
Fig. Al. 152(a) and the final situation in Fig. A 1.152(b). 

The charge transferred by C\ is qo - q\ and the capacitors C 2 
and C 3 are in series, so q 2 = 

Other way to solve the questions is to equalize the potentials 
across C\ and series combination of C 2 and C 3 . 
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-Ci 


+ 


■f 



=c, 

<J\Z 

IC, 



-C 3 



(a) <*>) 

Fig. A1.152 


C, V } + C2V2 

29. a. Common potential: V c =-—— 

C 1 + C 2 

Vi -h v 2 

Since C[ — C 2 » so V c = —-— 

Here, +ve plates of both are connected and —ve plates 
of both are connected. So, sum of charge on — ve plates will 
remain constant. 

30. a. Potential of outer sphere V = ^ = 0 

^ 3r 3r 3r 

q\ + 43 = —q 2 

31. b. If magnitude of the charge on the positively charged par¬ 
ticle is q> then 

E = _ Li. 

47T£ 0 


4jT£q r 

And, U = 

It means, E cx V 2 . Hence, the curve between E and V 2 
will be a straight line passing through the origin. Hence, the 
option (b) is correct. 

Since V 2 oc E , therefore the curve between V and E will 
be a parabola which is symmetric about £-axis. Since the 
particle is positively charged, therefore the potential cannot 
be negative. Hence, the graph between V and E will be as 
shown in figure (a). It means, the option (a) is wrong. 



Since U = therefore the graph between E and 

U will again be a parabola which is symmetric about U- axis. 

Since V oc - and U oc —therefore V A oc U or (V 2 ) 2 oc 
r r 4 

U. Hence, the graph between V 2 and U will be a parabola 
which is symmetric about U- axis. But neither V nor U can 
be negative. Hence, the part of the curve lying in positive 
quadrant only, is possible. Hence, the graph between V 2 and 
U will be as shown in figure (b). Therefore, the option (d) is 
wrong. 


32. b. Electric field travels with the speed of light and takes 

1 ■—► 

finite time to propagate. So, if charge Is displaced, then E 
due to this charge at any point changes after some time. 

I 2 Aj 
47T£q R 


33. b. Electric field due to one wire = 


Charge per unit length on other wire: q 2 — X 2 l 
=> qi = A 2 x I = A 2 
Force per metre length on other wire 
1 


F — q 2 E = X 2 E = 


2k\X 2 _ v w 2AjA 2 

= /C X —-— 


477 £ 0 R 


34. a. T =277 

Here, g cf r = g - — 
m 

=> g C ff will decrease. 
Hence, T will increase. 



A qE 



Fig. A1.154 


35. c. Electric flux <j) E dS 
s 


ffio 

£0 



Fig. A1.155 

q in is the charge enclosed by the Gaussian surface which, 
in the present case, is the surface of given sphere. As shown, 
length AB of the line lies inside the sphere. 

In A 00'A,R 2 = y 2 + (0'A) 2 

O'A = sfR?- - y 2 and AB = 2 ^ - y 2 

Charge on length AB = 2 R 1 — y 1 x X 


36. 


electric flux 


t 


-> -> 

EdS 


2X y//? 2 - y 2 
©0 


s 

c. Field strength at a point on the axis a distance.* from the 
center can be expressed as 


_ 1 Qx 

4jz£q (R 2 + * 2 ) 3/2 

Point charge 3 pC has to be kept at such a point on the 
axis at which field strength due to the ring has a maximum 
value. 

. dE ' R 

For E to be maximum, — = 0 and we obtain* — — 
dx v2 

So, the point charge has to be kept a distance 

R 15 , 

* = z = —- = 1.6 cm from the center. . . 

n/2 V2 




















Appendix Al: Miscellaneous Assignments and Archives on Chapters 1-4 A1.49 


37. d. = -s/8 2 + 8 2 + 2 x 8 x 8 cos 120° = 8 N 


*8N • 



Fig. A1.156 


38. c. From (i), A and C both are charged, either positively or 
negatively. 

From (ii), B is charged and D and E have no charge. 
From (in), A is positively charged. 

Therefore, from (i), B is negatively charged. 

39. c. After covering with a hemispherical shell; 

4>t ,hdi + 0disc — 0 (from Gauss law) 

&hcll == “ — —<P 


40. c. Using the formula for electric field produced by large 

Q 

sheet, E — 


2 Ae 0 
We get: E A - 

Ec = 


40 20 

^ (-0; E b = -p-(-i) 


2Aso 

46 

2A$q 


2Abq 


(+i) 


41. c. Net force on qy is zero, while that on the conducting sphere 
is towards the left due to attraction of ~q 2 (Fig. A 1.109). 



Conducting 

shell 


42. = 

m 


Time of flight T = 


Fig. A1.157 

KT 6 x 2 x 10 7 
2 

2 u sin 6 


— 10 ms 2 
2 x 10 x 


V2 


10 


T — sec 

1 ^ 

Hence, Range R = u x T + -a x T 

R = 10 cos 45° x T + - a x T 2 
2 

10 ^ 1 

= x V2+ - x 10x24 R = 20 m 

V2 2 

q 

43. b. From Gauss law, <p = — 

so 


So _ Ml 2 + ft 2 + ft 2 ) 1/2 

6mm ^ 

a // 2 + b 2 + h 1 

h 

44. d. I - length of the each tube 
Wjt = u = constant 

Time of travel between the plates t = - 

u 

Let a - constant acceleration in y-direction 

So, v y = at when the particle emerges from the plates 

So, v 2 = u 2 + Vy —u 2j t ah 2 

— u 2 + a 2 ~ = u 2 4- (where a 2 ! 2 — C) 
u 2 u 1 



45. a. According to Gauss’s law, electric field at any point on 
Gaussian surface is due to all the charges present inside or 
outside. 

46. a. V = V { + V 2 + V 3 

= J-2 + J-(=w) + J-(W) 

47T£o E 4jteo \ R J 4nso \ R } 

1 ( 2Q \= Q 
471£q \ R ) IjZEoR 


47. b. At equatorial point, E is opposite to p. So, the required 
angle is 180 6 . 

48. c. Electrical potential energy of system: 




— -Jlkq 2 


49. b. V = 


(four pairs will cancel each other) 
If a decreases, U also decreases and if U decreases, the agent 
will do negative work. 
kQ _ kQ 

T' E = W 

V V 

— = R => £ - — 

E R 

If R increases, E decreases. 

50. c. From Fig. A 1.158 



































A1.50 Physics for IIT-JEE: Electricity and Magnetism 


\ ' 


E = E cos 45® i + £ sin 45° j = -7=1 H— -=j 

75 75 


<£ = £-(A, +A 2 ) = 
-tzR 2 E 


- EnR 2 £ tt £ 2 

V2 2 Tf^r 


72 

This is the flux entering. So, flux leaving = 


;r 


£ 2 £ 


72 


51. b. U = 10 r = 107 a : 2 +y 2 + z 2 

p _ 10(2a) 

dx 2yjx 2 + y 2 + 7 
—10 a: -10x3 


= -372 


7^2 + y 2 + z 2 73 2 + 4 2 + 5 2 
Similarly, £ ; . — — 475 

E z — 575; E = Eft + Eyj + E z k ' 

52. a. There is no charge on the outer surface. Hence, no force 
on qt (Fig. A 1.159). 



Fig. A1.159 

53. b. The charge on outer surface of shell will apply a force on 
<?2 

+ ?i 



<n 


F = 


kq\q 2 


54. b. 


£ = 


a - 


2 A So 
qE 


qQ 


m 2 Am£q 

d=lg,h, = M = j™™"'*' 

2 V a V qQ 


Fig. A1.161 


55. d. OB = OA cos 60® = 2 x 


1 

2 


= 1 m 


y 



V B - V 0 = £ (OB) = 100 x 1 = 100 V 
V A - Vo = 100 V[v V B = V A ] 


Vo-V A = -100 v 


56. d. V B - 



Exdx = —[Area under E x -x curve] 


V B - 10 = ~ x 2 x (-20) = 20 
Vfl = 30 V 


57. b. Charge on B will remain same as it is not touched with any 
other body. Charge induced on A will decrease the potential 
of B (Fig. A 1.163). 



Fig. A1.163 

58. a. Electric field produced due to charge Q will be zero at p. 
But potential produced by 2 at p will not be zero. 


59. d. 


2nsor 
Fig. Al.164) 


MV 

r 


or 


■-/ 


2ne§m 


independent of r (see 


rid 


£ 


1 



In 

.. 

-4 |iC 

£ 



| 


4 pC 






Fig. A1.164 

60. b. Final charges will be as shown in Fig. A1.165. 
So, charge flowing from earth to plate 
= final charge - initial charge 
= —4 — 10 = -14pC 
Q\ _ Qi 
C, “ C 2 
Qi + Qi = Q 


61. d. V = = 


(D 

( 2 ) 


, „ £0 A ^ ^ £q A 

where C] “ -and C 2 =- 

a b 

Oa 

Solve to find Q 2 = - 

a A-b 
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1 

-Si 

w 

-Qi 

s 

g 

Vj> 

§ 

2i 

■ 

' 

K 

Lh 

1 

$ 


C, 

1 

c 2 

i 


Fig. A 1.165 

62. c. P = 2 x 10 -* x 2 x 10“ 3 = 4 x 10 -11 Cm 
E = 

2neox 

p cos Ok —4 x 10" H x cos 60° x 4 x 10 -4 


dE 

— ,F = p cos0—- 
2neox ax 


F = - 


2neox 2 


1 


«(£) 


2 x 9 x 10 9 

= 0.04 N 

63. b. q t = CV, = 16 x 5 = 80 pC, q f = CV f = 16 x 10 
= 160 pC 


Given ^ = 40r =4- 
dt 


?/-<?/ = 


40 1 2 


f' dq= f 

Jqi JO 


40 1 


=4- 160-80 = 20 t 2 => / = 2 s 

64. c. p and q are in parallel and then r in series. 

65. c. The charge on capacitor before dielectric, 

q\ = CV = 50 x 10 -9 C 
Final charge on capacitor after dielectric, 
q 2 = (KC)V =: 5x50 x 10 -9 

= 250 x 10 -9 C 

Charge flow from battery, Ai q = q 2 — q { = 200 nC 

66 . a. Given plates can be rearranged as shown: 

e 0 A s 0 A 

C,= —;C 2 = w 

B 0 A e 0 A e 0 A 

Li — T7’ Ca — Trr> c 5 = —7^ 

3d 2 d d 

Ci and C 2 are in series and its effective capacity 

£qA £0 A 

~ * ~2d _ e <> A 


£ 0 A £qA 
d + 2d 


3 d 


Effective capacitance of C 4 and C 5 = 

e 0 A s 0 A 

Lab — 77 + ~tt + TT ’ 
3d 3d 3d 


£ 0 A 

3d 
£ 0 A 

d 


3, .2 


2,, I 


Co 


3 t( 4 






6 1 5 5 4 

Fig. A1.166 


67. b. Plates can be rearranged as shown ii Fig. AL168. 

Plates 1 and 2 and plates 3 and 4 form two capacitors 
which are in series between A and 3. Plates 2 and 3 do not 
form any capacitor as they are at same potential. 



'l 2 '3 4 


So, Cgq — 


Cl C; 

C[ + c 2 


Fig. A1.168 

/e 0 A\ /eoA\ 

( d J X V Id ) 


eo A e 0 A 
~T + 3d 


C«q — 


£<)A 

4 1 


68 . b. Given circuit is equivalent to (see Fig. A 1.169) 

5 


and C 2 ~ 


_ bqA So x 50 x 10 4 
] ~~ = 3 x 10 - 3 

e 0 x 50 x 10 -4 5 


= 3*° 


6 x lO " 3 


= 6 £o 



Fig. A1.169 

Effective capacity > 

/ 5 5\ 5 

Cm q = C\ + C 2 = f - + “ 1 £f) — 2 £ ° 

i 0 1 5 , 

Hence* energy stored 17 = -CV = - x -ea x \2 

= - x 8.85 x 10 -12 x 12 2 = 1.6 x 10~ 9 J = 1.6 nJ 
4 

69. a. Let the charge following through section AB is Q 
(Fig. AL170). 

Applying Kirchhoff’s law* 

* —2hi—11—ii —b 

C, E C 2 

Fig. A1.170 

Q Q 

Ya- ^- + E-£ = Vb 

,-v. +£ j c (-l;±) 

5+i °= e (%^H (¥■) 


/ 
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hP = 10mC 

So, potential difference across 2 pF capacitor 
^ = 10pC 
c 2 2 pF 

70. d. Circuit is redrawn as shown in Fig* AL171. 

1 (XF 


4pF=± 


2pF 


dp 4mF 


Fig. A1.171 

In the circuit, 4 pF and 4 pF capacitors are connected in 
series. Combination of this is in parallel with l pF and 2 pF 
capacitors. 

Hence, choice (d) is correct. 

71. d. Field on the axis of the dipole lies in the direction of dipole. 



= 22.125 x 10 -n = 2.2125 x 10" l2 C 

74. d. Consider the gaussian surface the induced charge be as 
shown in the fig. 

The net field at p due to all the charges is zero 

_ 2e + _i_ (left) + _A_ + , - -i_ (light) = o 

=> —2 q q — Q -V q = 0 

=* q = \Q 

charge on the right side of right most plate = 

-2Q+Q = -2Q+1q = -^ 

75. a. Electrical force is balanced by the weight of the mass 

mg = qE E — electric field 

V 

or mg = q. — (where d = separation at the plates) 


or 


V / s 0 A l C \ 

ms = , T(," T = c ? = 


orV = 


2mg$oA 

lc 


10 " 6 x 10 X 2.2 x 10 ~ 12 x 10 ~ 2 . 

“ 10 -5 x 4 x 10 ~ 8 

10 ~ 6 x 9.8 x 8.88 x KT 12 x 100 x 10" 4 


V = 43 mV 


10 - 8 x 0.04 x 10 -6 


Field on the bisector of the dipole lies opposite to the 
direction of dipole. 

72. a. The potential of point B is +10 V, therefore, no potential 
difference exists across 12 pF capacitor, hence q \2 = 0. 

Charge on the 4 pF capacitor is 
Qa = (4)(10) = 40 pC. 

73. b. Given: 

E 0 ~ 

E —i, 1-2 cm, a = 1 cm, 

E 0 = 5 x 10 3 N/c 

We see that flux passes mainly through surface area 
ABDC and EFGH. 

As th &AEFB and CHGD are parallel to the flux again in 
ABDC = 0; 

Hence the flux only passes through the surface area 
EFGHE = 0 

a » a ~ 

flux = £oy x area = 5x10 xjxr 
= 5 x 10 3 x — 

= 5 x 10 3 x (0 01 4 = 2.5 x 10 - 1 
2 x 10~ 2 

So, q = s o flux 

= 8.85 x 10~ l2 x 2.5 x 10“' 


76. d. Initial total energy = ~CV 2 + -C V 2 = CV 1 

2 2 


A_ 





C 


Fig. A1.173 

when the switch is open dielectric induced. 

Then capacitance C = KC — 3C 

1 - 3 , 

Then energy stored in C = y3CV 2 — y ^ V 2 

Since switch is open so change be same in B so energy 

1 C 0 

in* = V 2 . 

2 3 

3 1 

So, Total final energy = -CV 2 + -CV 2 
_ 9CV 2 + 1CF 2 _ 10 2 

6 CV 2 3 

So, Required Ratio = =-= — =3:5 

P-cv 2 5 

6 

77. c. C A = 8pF, C B = 4 pF, C c = 4 pF, C cq = 4 pF 

Since b and c are parallel and are in series with A 
So, q\ - 8 x 6 = 48 pC, q 2 = 4 x 6 = 24 pC, 

= 4 x 6 = 24 pC 

78. c. If V be the potential at D , then 
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Vi-V = C 2 
V-V 2 C, 

or, CiV { - CiV = CiV - C 2 V 2 


or Ci Vi + C 2 V 2 = (Cj + C 2 )V 


or, V 


CiVi + c 2 y 2 

C\ +c 2 


79. c. Loss of energy 

= \c [V? + Vi] - 1(2C) [^] 2 
= ~ [2V? + 2V 2 2 - V, 2 - V 2 - 2V , V 2 ] 

= J [ v i + V 2 - 2Vj Vi] = j(Vi- V 2 ) 2 

80. a. The electric field strength in a parallel-plate capacitor with 
applied voltage of V and separation d is given by, E = VId . 

81. b. Initially at switch position Q , by conservation of charge, 
the voltage V across the two capacitors is thus given by, 

q = qy + qi = C^V -\- C7V = ( C\ + Ci)V 


=► 18 = (3 + 6)V 


V = (18/9) = 2 V 

82. c. flj = 6 (y^L_) =3pC 


83. d. 





Fig. A1.175 


Charge on positive plate of A = Ci V\ 

Charge on negative plate of B = -C 2 ^2 
When d plate is of capacitor C is connected with the 
plate of A, then the total charge of ( d , a) plate system will be 
C] V\ (conservation of charge). 

Similarly on (C, S) plates total charge will be — C2V2 
The total charge on b , g plate system will be 
+C 2 V 2 -C, Vi. 

84. d. Let A be the point, where electric field is zero, which is at 
distance x from 4 q. 


i 4 g _ <? 

4kS o x 2 4 peo(r — x) 2 

_ 2 _ _ 1 _ 

x (r — x) 

2 (r - x) = x 
2r ~2x = x 
2r 
x 

85. a. 



\\\\\\\v\\\\\\\W *. 




h 


Fig. A1.177 



_ 

^ C2_ rf/2 

Ci and Ci are in series 

2k\ ki 

Equivalent dielectric constant K = ^ 

Which is the ratio of capacitor. 

86. c. +q will not charge restoring torque. 

87. d. Max. length of string = \/3 a 




88. c. Radius of solid sphere of b , having charge enclosed in shell 
of radius q> charge Q 



(ui) Potential due to solid sphere at distance r 
Potential inside the spherical shell. 


(v 2 ) = 


1 Q 

47t^o b 


1 Q 

4ti£q r * 


N- 


R\4r 




(r-x) x 

Fig. A1.176 




Then potential due to both 

4 ns 0 \q rj \q b 
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89. b. 


E P = 


,r 

/ s* 

/ < 

/ i 

Alb .-*.--#£ 

+ e b 12 0 b 12 + e 

Fig. A1.I79 

2 Kex 


(-t r 


For maximum Ep 

dE P b 

—— — 0 => x = —p: 

^ 2\/2 

90. a. = — ac d unit 

4 >cdef = —bcEo unit 





= bcEo + c f (d + x) dy 


a 

/■ 


= + £ciso + acd + c / xdy 


a 

/ 




b 

b 


— + + acd +~Y I x d* 

r x y dx —dy _ 

[ Since - H— = 1 — =-] 

b a b a 


-[ 


+ Z?c£o + acd + 


—j 


Using Gauss law 

^in a£>C 

vWt — *7in — 7 

£o 2 


91. b. F 3 = 


fc(a 6 + <7rf) 


<Ib+Qc p<tt 



F\ = F* = zero 
i 5 

92. d. AV = - J E'dl— zero 

yl 

93. a. Initial charge on capacitor C 

q = CV 0 


£ 1 


v oP 


Fig. A1.182 


When it is connected to uncharged capacitor of capaci¬ 
tance x then charge q gets distributed on both capacitors 

So q=q\ J rqi 

C(Vi 0 -V) 


ovx = 


Hence, choice (a) is correct. 

94. c. Circuit is redrawn as shown in Fig. Al.183. Equivalent 
* capacity of combination 


30 V 


r 

i 


Hh 


H' 


3 pF. 6 pF 


'Ctq — 


3x6 


Fig. Al.183 
= 2pF 


Hence, charge q = C K| . V 
q = 2 |UF x 30 V = 60 |uC 
q = 60 |iC 

Hence, choice c is correct. 

95. b. Energy given out by flash unit 

A H = P xt- 2000 x 0.04, AH = 80 J 
Energy of capacitor when fully charged 

= - x 40 x 10“ 6 x V 2 
2 

or i x 40 x 10“ 6 x V 2 = 80 

V 2 = 2x 80 = 4 x 10 6 

40 x 10 -6 

V = 2 x 10 3 = 2000 V 
Hence, choice (b) is correct 

96. d. Circuit is redrawn as shown in Fig. A1.184 

In the circuit 4 pF and 4pF capacitors are connected ir 
series. Combination of this is in parallel with lpF and 2pl 
capacitors. 

Hence, — 5pF 

£qA 

97. d. The capacitance of capacitor C =- 

Charge on capacitor 

dx 


_ du i n 

So ’ 77 = 2 s ° av {-*) 


dt 
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IpF 




2flF 


Fig. A1.184 


rz4pF 


104. c. Potentials of the two spheres = ±e/c 

Potential difference = (2 e/c) 

2 e 

or AV =- . 

4n B^r / 

A lrt n 2 x 1.6 x 10 -19 AA „ 

= 9 x 10 9 x —--——j-= 32 u V 

9 x 10 _s ^ 

105. c. A positive charge which is free to move will always move 
from higher to lower potential. / 

106. d. v = k\—~-£- + -£r,-&- + ■■ 

Ixq 2x 0 3xq 4xo 




•(-*) 


\ / g \ r 

1 

i 

i i 


1 - « 

+ — 

“ — + ■ * * 

' \W L 

2 

3 

4 J 


dU 


1 


98. b. 


From above expression- oc — 

dt x 2 

C 


— log 2 



Fig. A1.18S 


4C ^ 

c - T* c 


7 C 

T 


+ C — 


lie 


99, a. The total charge on each plate will have to be same. They 
should also carry opposite charges. 

100, c. There will be two dipoles inclitied to each other at an angle 
of 60°. The dipole moment of each dipole will be q'k. The 
^resultant dipole moment 

= v/( 9 0 2 + (qD 2 + 2(ql)(ql) cos 60° = V3 ql 


101. d. E = 


' 4 3 \ 

1 


4neo 


/ 


1 (4 \ „ 

= - - ( - n rp or E 

An Bo \3 ) 


oc r 


4nso 

107. d. The maximum length of the string which can fit into the 
cube J3a> is equal to its body diagonal. The total charge 
inside the cube is a\, and hence the total flux through the 
cube is *J3q\/£o> 

108. a. Though effective value of g will change but as the time 
period of spring block system does not depend on g t so time 
period will remain same; i.e., T. 

q 40 

m.. C = i = -=2F 

110. d. C = CbK => K = ^ = 2.20 

C 0 50 

111. d. C = ^ 

a 

It is doubled, it becomes (C/2) 

2 C = ^-K 
2 

K = 4 

112. c. On placing this aluminium sheet, it will form two capacitors 
in series, say initial separation is d . 


102. b. Potential Vi, due to a ring is given by: 

* q 




4n£o + r 2 


, C] 

C 2 



* * * 



4^reo V/? 2 + 3fl 2 4 jt«o 2 R 


At the centre, V 2 = 


1 


'KE = q 0 (V 2 -V i ) = 


4neo R 

1 ( < Hl\ 


4jt£o ^ 2R / 


Fig. A1.186 

So A SqA 

M = - . c 2 = j - 

x d — x 

SqA eo^ 


, X dv f v » jtj f b X. dr 

103. d. E — -= —— or, / dV = — / -—• — 

IJZSor dr J Va J a Inso r 

''■- Vl '=2^ ,08 G) 


_ — x ^ ~ * 
cq ~ c, + c 2 ~ «o A 


£o^ 


+ 

x d — x 
So A 


U 

Hence V a — V)> oc log 


x(d -x) [- + —1 
L* d-x J 


x 4- d - x 
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Ccq — 


e 0 A 


Hence, capacitance remains unchanged. 

113. b. \-C V 2 ^ mass x specific heat x change in temperature 



t/2 _ 2, x m x s x At T/ f 

= c ; V 


2ms At 


114. a. — + /tf-E = 0 (Applying loop rule) 


* ='■ 


~ = 3//?; 4 


/=/maxe >/RC 
-i/RC 


I = 


F‘ 

mg sin 30° Mg 

Fig. A1.188 


=> M g = F + f 


m F m E 1 E§A(k — 1 ) 

m = 2 + 7 = 2 + 2 Tfd 


119. b. The circuit can be redrawn as shown in Fig. A!.244. 
Charge on capacitor 


1064 =RC 
^ t = 2RC\og2 

t = 2 x 4 x 10 6 x 2.5 x KT 6 x 0.693 
t = 13.86 sec 

Work done is stored in the form of potential energy. 




Fig. A1.189 


+10 ixF 

+ I | - 




ZZI 


Q = CE = 


SqAE 


115. a. n = — = 


Fig. A1.187 

2 (8 x 10 -18 ) 2 64 x 10“ 36 


Joule 


2C 2 x 100 x 10“ s 2 x lO" 4 


= 32 x 10 -32 


116. b. Power = 


Energy (1/2) CV 2 


Time Time 
_ 40 x 10~ 6 x (3Q00) 2 __ 40 x 10~ 6 x 9 x 10 6 
_ 2 x 2 x 10 -3 4 x 10 -3 

= 9 x 10 = 90kW 
117. c. Net dipole moment = \f?> qa 

|<7] - a 2 \$ 


Choice (a), (c), and (d) are wrong. 

120. a. Applying W.E. theorem, 

Wnfield + Wex, = A K E 

=*• -^—q (f> - a) + Wex, = 0 

2eo 

Wexi = -r—qifl - b) 

2eo 

121. b. Equivalent circuit is shown in Fig. A1.186. 

E 


= -V3 


qa- 


2eo 


= la 


—►— 

i ■- 

2, ,3 

A II 

II 


4j |3 


|5 


Fig. A1.190 


- o 2 l 
2eo 




Equivalent at capacitance = 


C.2C 2 C 2 £ 0 A 
C + 2C ~ T ” 3 ~d 


T = 2n 


2 £(jl 


q = CV = 


2 £qAE 

3 d 


*/5qa \o x -o 2 1 


118. a. For equilibrium 
T=Mg 

And T = F + mg sin 30° 


122. b. Initially, charge q* — CV and 

energy stored in capacitor = { IiCV 2 
Finally, charge q 2 = Cx 2V - 2CV 
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Charge flown through the batter) is 

q' = q* -(-<?) = 3CV 

Energy drawn from battery 
E b =q'xV' = 3 CV x2V = 6 CV 2 

Energy stored in capacitor = ] /iC (2V) 2 =$ = 2CV 2 

Change in potential energy of capacitor = 2CV 2 t [ /iCV 2 
A£ c =(3/2) CV 2 

Energy lost in heat is 
E h =6CV 2 - (2/2)CV l = (9/2 )CV 2 

The ratio of E H /E^ = 9/4 = 2.25 

123, c. Due to a solid hemispherical charge of 2 Q the field will 
1 2 Q 

be-x —r- along j-axis. So due to one hemisphere the 

47T£o d 1 

1 Q 

component of field along ^‘direction will be --x —. 

4n£ 0 d 2 

And hence the net field will be more than ^ x Q. 

47TS 0 d 2 



Multiple Correct 
Answers Type 


l « 

L b., c. Energy density, u = -e$E 

2. a., b., c. s d» Positive charge moves from a region of high 
electric potential to a region of low electric potential, while 
for negative charge it reverses. If some charge is present near 
the conductor, then its potential gets affected. 

For Fig. A 1.192 E — 0 at point P but V is not 

P 

q fl — Q =Q? 


Fig. A1.192 

For Fig. A 1.193, V = 0 at point P but E is not. 
P 

?[] — 0= D~g 


Fig. A1.193 

3, a., d. At a center, the force experienced by the charge par¬ 
ticle is zero, so it is a position of equilibrium. As we displace 
the charge from the equilibrium position, electric force starts 
acting on it towards equilibrium position and hence equilib¬ 
rium is a stable one. 

At a distance x from the center of sphere (equilibrium 
position), force experienced by the charge particle is 


As F oc jc, so it performs SHM about the center. 
Time period can be calculated by using F = mo> 2 x 


4. b., c., d. The path traced by q is shown in Fig. A1.194, the 
path is curvilinear and acceleration is due to the force exerted 
by Q on q. 

The separation between them is minimum if relative velocity 
of the particle along the line joining them is zero. Let d be 
the minimum separation between them. As torque about Q 
is zero, so angular momentum remains conserved. 

UQ 

mua ~ mvd => v = — 

a 

„ . . ww 2 mv 2 1 q Q 

From energy conservation law, —— “ ——|- -— 

2 2 4-tt £q d 



5, a M c. Since the situation is having symmetry, the par¬ 
ticles move symmetrically along the diagonal shown in 
Fig. A 1.195. 

The energy conservation law is to be used. 





L 

\ v. V] 

4jT£ 0 1 

[ 1 Jii\ 

L 

[4 q 2 , 2 q 2 


N> I 
<—- 

X 


] 


6. a.,c. 


U, = U f + 


4mu 2 


„ ' 1 [2 q 2 q 2 I 

2 mv = - ——1- -p. 

4jt£o L 1 l-J 2j 

[ 8 neotnl ( 2 + V 2 ]) 


1/2 


E = "54r +74 j, E = 90 NC _1 

go= 9 


V =.1800 = 


9 x 10 9 Q 


From equations (i) and (ii), 


(i) 

(ii) 
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■ . \ ^ 

r — 20 M , q = 4.|iC 
(9 - xo)i + (4 - yo)j ,54? + 72 j 


Now, 


20 . 90 

*o = -3, > 0 = -12 . 


20 Q 

9. a., b., c. i. E = + 


2Aea 2 Asq 

3 Q 3 Q 

E= => Ed= ~ = V 

2 Cd 2C 


2Abq 


.. p _., m r / 2e \ (-Q) <2 2 

U. F=F(-0;F = ^—Jx — — 


=S> F = 


e 2 

Aeo 

1 


iii. Energy = ^c 0 E 2 Ad 


= ( 


i2-)\u=2£ 

2C<f / 8 C 


10. a., b., c. Time of flight (/) = ^ = ^ = 2 sec 


r . 10 2 




2g. 2x10 


= 5 m - 


„ ^ 1 {qE\ 2 1 10 -3 x 10 4 x 2 x 2 

'- o+ 5 —-—= 


10 m 


2 2 
11. a., c.,d. Charge density at Jhe outer surface (Fig. A 1.196) 

■ 2 fi 



2<2 


4;r/? 2 2^F 2 

. _ 2 e 

• insidc “ 47re 0 F 2 ’ 4ns 0 R 2 

^outside = -2 ^inside 


12. a., b., c. V = -—i——' = 600 -volt 


And E = 


4jreo r 

.1 q 

47reo r 2 


= 200 NC 


•<-1 


„ • V 600 

'• He n c .e. £ “ r = 200 =/3 metre 
Now, —2— = 600; — = V 

4jtE Q r ■ Ane^r' 

1 / r_ 3 
'' 600 “ r 7 “ 9 ' ■ 


or V' = 200 volt 

W =q (V -V')- 10 ~ 6 (600 - 200) 
= 4 x 10“ 4 J 

13. c M d. r P = i + 2y + Ak\ r q — 3t -\-2j +k 


7. a., b. Electric field lines will be from M to N> so potential 
of N will be less than that,of 

kq 

8. b., c., d. Vp = — (independent of x) 

r 


As 


I?, - r,| = v/[(2) 2 + (-3) 2 ] = Vl3 
q = 2 x 10 -8 coulomb, hence 
l -7 ' 


V = 


- 


Attsq I r q 
9 x 10 9 x 2 x 10~ 8 


£ 


1 




= 49.9 volt 


(fq - rp) 


4'7T£o 

1 


V ~ r p\ 
9 


\fq -rp I 


(2/ --3ft) 


47T£ 0 - >>l 

[By filling a dielectric of dielectric constant K> electric field 
£0 

gets decreased as E = — and K > L] 

K 

14. a., c., d. V (x) = 4 + 5x 2 

V(x = 1) = 9 V 
And V (x = -2) = 24 V 
Hence, AV = 15 V 

E = -(AVI&x) = -l0x 
.-. F (at ;t = — 1 m) = 10 NC“ I 
So, F = qE =+lQN (along +ve jc-axis). 

15. a., b., c. E = —(AV / A*) = -B - 2Cx, 

i.e., E varies linearly with x and is along negative x -direction. 
It is also clear that 8 has got dimensions or units of E y i.e., 
NC" 1 . 

16. a., d. Suppose a positively charged sphere is brought near 
an uncharged metallic sphere, then on nearer surface of the 
uncharged sphere, negative charge is induced and on farther 
surface, positive charge is induced. Hence, a force of attrac¬ 
tion will be observed between these two spheres. Therefore, if 
a force of attraction is observed between a positively charged 
sphere and a metallic sphere, it cannot be concluded that the 
metallic sphere is necessarily negatively charged. Therefore, 
option (b) is wrong and options (a) and (d) are correct. 

17. a., b.y c. If there is no external electric field, then the charge 
given to a conducting sphere gets uniformly distributed over 
its surface. Therefore, option (a) is correct. 

If an external electric field exists, then the charge gets 
distributed over the surface of the sphere in such a way that 
the electric field inside the sphere can become equal to 2ero. 
Hence, distribution of the charge on the surface of sphere will 
be non-uniform. 

Therefore, option (b) is correct., Obviously, option (d) is 
wrong. 

Since electric field inside the conducting sphere is equal 
to zero, therefore, potential difference between two points in 
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(he sphere is equal lo zero. It means, the potential is same at 
every point of the sphere. Therefore, option (c) is correct. 

18. a., c. As A and C are earthed, they are connected to each 
other. Hence, 4 A + FT and l B + C' are two capacitors with 
the same potential difference. If B is closer to A than to C, 
(hen the capacitance Cab > Cbc* The upper surface of B will 
have greater charge than the lower surface. As the force of 
attraction between the plates of a capacitor is proportional to 
Q 2 , there will be a net upward force on B. This can balance 
its weight. 

19. b.,c.,d. Charge on inner sphere can be supposed to be con¬ 
centrated as a point charge at the center, hence electric field 
at a point in the region between the spheres at a distance r 
from the center = (q/Ansor 2 ). Due to induction, equal and 
opposite charges will appear on the inner and outer surfaces 
of the outer sphere. Hence, net charge which can be supposed 
to be placed at the center = q and electric field due to it at a 
point outside the hollow sphere, at a distance r from center 
= (<?/4*r e 0 /' 2 ). 

q 

Potential of inner sphere = -—- 

4tt£o 

And potential of outer sphere = - 

47Z£oC 

Potential of inner sphere with respect to the outer sphere 



20. b., d. Potential is same everywhere (^0) inside a uniformly 
charged spherical conductor. 

i.c., AV = 0 

As E = -(AV/Ax) 

Hence, electric field is zero everywhere. 

21 . a., c. If positive test charge is displaced along x-axis, then 
net force will always act in a direction opposite to that of 
displacement and the test charge will always come back to 
its original position. But if test charge is displaced along y- 
axis, it will never come back to its original position and will 
fly away along y-axis. 

22. b.> c., d. Potential of innermost shell is zero. 



or 


£L + + 

r 2 r 3i 


6471 + 3 q 2 + 2r/3 = 0 


Similarly, potential on outermost shell is also zero. 


CO 


*. + * + £ = 0 

3 ;• 3/- 3 ;• 

or q\ -h 43 = — 42 

Solving equations (i) and (it), we get 


(ii) 


q \ = - 


42 


43 ~ , 43 

— = 3 and — = 


3 

, , ^ = 3 and — = -- 
4 41 42 4 

Options (b), (c) and (d) are correct. 

23. a., b. If the charge is given to a conducting sphere, then an 
electric field is established in the surrounding space. Mag¬ 
nitude of electric field is maximum just outside the sphere. 
This maximum electric field may be increased to the dielec¬ 
tric strength of the surrounding medium. Therefore, there is 
a limiting value of maximum charge which can be given to 


the conducting sphere. Hence, option (c) is wrong. Obvi¬ 
ously, the conducting sphere cannot be charged to a potential 
greater than a certain value. Hence, option (a) is correct. It 
can be easily said that option (b) is also correct. 

24. b., c. The situation is shown in the Fig. A 1.197. 



F ne i = 2 Fsin 0 t— 


PQ 

An e 0 r 3 


z — F cos 0 x 2 a in clockwise direction 


PQ 

4n £Qf 2 


25. c.,d. Torque will be perpendicular to the line y = 2x and it 
should be in x-y plane, because electric field is in z-direction. 
The lines in options (c) and (d) both are perpendicular to y = 
2 x. 


26. a., b., c., d. Points A and B lies within same metal hence 
V A — Vs; The potential inside a hollow sphere is same as 
potential at the surface hence V A = V B — V c = Vq. 

27. b., d. The electric field inside any point of the sphere is zero. 

28. a., c ,E a is along OX and 0 % = i + 2 j + 3£ 

Eb is along —» OB = i + j — k 

Since oXoh{i + 2 y + 3 £). (1 + j “ £) = 0 

So OAX. oh ^ Ea JL Eb 


So, choice (a) is correct. 

^ ^4 ^4 

s, "“ E ‘ = Wt “ 7 

E - 

C | OCl 2 12 

So |i = 4 or |£jj| =4|£ C | 

E c 

So, choice (c) is correct. 

Choice (b) and (d) are wrong from above explanation. 
29. a., d. When capacitors are connected in parallel, initial capac¬ 
itance is C — ^ . After the distance between the plates is 

a 

changed, the capacitance becomes 
e^A £ 0 A 

C — ——— T -- 01 


C = 


d + a 
2 £ 0 A 


d — a 


d - {a 2 Id) 

which is greater than initial one. Hence a. is correct and b. is 
wrong. 

When capacitors are connected in series. 
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l 

C 


2 d 
so A 


After the distance between the plates is changed 

.1 <f + Q d — ci 2d 
C SqA so A SqA 

That is, the capacitance remains unchanged. Hence d. is 
correct and choice c. is wrong. 

30. a., d. Let q\ and q 2 be the instantaneous charges on capaci¬ 
tors. Since they are in parallel, 

— = —and q\ + qi = Q 
C] C 2 


C, = 


£p a 

do + vt 


. Ci — 


spA 
do — vt 


q\ Ci do-vt 

So — ■ — —^ q 2 

<72 c 2 do + vt 


/ d 0 - vt \ 
\db + vt) 


+ qi — 0 


Q(d 0 + vt ) Q (d 0 - vt) 

0(12 ~ Ido ’ 311 qi ~ Ido 
Hence, choice (a) is correct and choice (b) is wrong. 

~dq i . tiqi Q u 

A = —:— or - 7 - or 1 ~ —- 
dt dt 2 do 

which does not depends on time. So choice (d) is correct and 
choice (c) is wrong. 

31. a., b.> c. In position. 1 Stored energy = i(£i — E 2 ) 2 C 

In position 2 Stored energy = -C£jf 
Additional energy drawn from battery 
A q = E X C - (Ei - E 2 )C = E 2 C 
So choice (a) is correct. 

’Extra energy drawn from battery 
= E[Aq — E\E 2 C 
So choice (b) is correct; 

Heat produced = Loss in stored energy + extra energy 
drawn from battery 

= l(£i -EifC- X -E\C + E\EiC= ] -ElC. 
Choice (c) is correct and choice (d) is wrong. 

32. a., b., c. 

Sol. When capacitor C is charged to a potential difference of 
Vo» it has a charge <y 0 but when C and C x are connected by 
closing the switch S, qo is shared by two capacitors. Let q\ 
and q 2 be the charged of C and C x then 

<7d = q\ + <72 
CV 0 = CV + C X V 
_ C(V P ~V) 

orCx - V 
Hence, (a) is correct. 

Final energy stored 

u f = l -cv*+ l -c x V 2 


1 


l C(V o 0~v) u2 


= ^cv z + - 


U/ = -C VjbJA So choice (b) is correct. 


Vi = jCVt 

1 * 1 

Heat generated = {/,- - t/y = -CV 0 2 - -CV 0 V 
„ CV t p(V 0 - V) 

=> ti — 


So, choice (c) is correct. 

Choice (d) is wrong which is obvious from above expla¬ 
nation. 

33. a., c. Let the length, width and thickness of slab be /, b and 
d respectively. K be the dielectric constant of dielectric. 


</-w) 


vt 


Fig. A1.198 

At time, t length vt of the slab has been pulled out, so 
at this instant the capacitor may be considered as a parallel 
combination of two capacitors as shown. The capacitance of 

combination is 

sovtb t € 0 Kb(l — vt) 

~d 


C = 


+ 


c =^[vt + K(l -vt) 

d 

=» C = e -^-[Kl~ (K - l)vf] 
d 

This equation is of straight line, having positive intercept 
and negative slope. Hence choice (a) is correct and choice (b) 
is wrong. 

Since battery is disconnected, so charge on capacitor 
remains constant. 

V = f- or V <x - 
C C 

Hence, current between V and C will be rectangular 
hyperbola. 

So, choice (c) is correct and choice (d) is wrong. 

34. a., c. Initial stored energy ^ 

1 s 0 AVt 

Final stored energy U/ = - 


1 


so AU = U f - Ui = -SqAVJ 
_ 1 a1/2 \ x -dx *] 

"2 e ° AV ° J 


2 2 {x + dx) 

1 


x +dx 




1 £ qAVq ^ _ 1 SqAVq dx 


U dx 


Initial energy stored 


So, choice (a) is correct and choice 9b0 is wrong. 

_ dU __ If 

2 x x 2 V X ) X 2^ 
So magnitude of attractive force is -qE. 
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So, choice (c) is correct and choice (d) is wrong. 

35. a., c. —— + —---= 0 

4tT£o R 4tT£o (Ro — vO 
where is the initial distance of the charged particle. 

__ Rq ^ dQ _ . _ 

J?o — (/?o — vt) 2 

36. a., d. 

Sol. E = of(a = constant) F — £)£ 
a = F/m = QE/m = Es — ast 
dv 

a = — = ast 
dt 

1 2 J 2 
or v — -ast v oc s and t 
2 


Assertion-Reasoning 

Type 


1. a. Electric field aligns the randomly oriented dipoles in its 
own direction, thus producing some net dipole moment in 
the material. 

2. d. Capacitance increases and electric field decreases. 

3. a. If E = 0 in some region, then potential is same every¬ 
where in that region. 

4. d. When an electron and a proton are placed in the same 
uniform electric field, they experience equal forces but 
different accelerations. Hence, m e a e = m p a p 

Since m p a p = I837m e , so a p < a e . 

5. c. Where E is high, V may be low. 


11. c. From work-energy theorem, 

Final K.E. - Initial K.E. = work done by non-uniform 
electric field 

As initial K.E. = 0 and final K.E. cannot be negative. 

/. work done by non-uniform electric field on a charged 
particle starting from rest is non-negative. 

Hence, statement I is true. 

Consider a situation in which two point charges +Q are 
fixed some distance apart. At some distance left of equilib¬ 
rium point 0, a charge is released from rest. After the 
charge +q moving towards right crosses.O, it experiences 
a force towards left. 

Hence, statement II is false. 


+ Q 


+ 6 

fixed 

0 

fix$d 

charge 


charge 


Fig. A1.199 


12. b. Electric lines of force never cross each other because 
if electric lines of force cross each other, then the electric 
field at the point of intersectioiy will have two directions 
simultaneously which is not possible; 

13. a. In a hollow spherical shield (hollow), the charge is 
present on its surface but charge is zero at every point 
inside the hollow sphere! Hence, the metallic shield in the 
form of a hollow shell may be built, to block an electric 
field. 

14. b. When the bob is placed in an ejectric field, the bob 
time period of simple pendulum having charged bob is 
decreased because there will bean increase in the restoring 
force. 


6. d. An electrically neutral body means charge on the body 
is zero. A body connected to earth may possess some 
charge. 

7. d. For a non-uniformly charged thin circular ring with net 
zero charge, electric potential at each point on its axis is 
zero. Hence, electric field at each point on its axis must 
be perpendicular to the axis. Therefore, assertion is false 
and reason is true. 

8. a. The electric field due to disk is superposition of electric 
fields due to its constituent rings as given in reason. Asser¬ 
tion is true, reason is true; reason is a correct explanation 
for assertion. 

9. a. (Moderate) Electric flux within any closed surface in 
region of uniform field is zero because the total number of 
electric lines of force entering the closed surface equals 
that leaving the surface. Hence, from Gauss theorem the 
net charge enclosed within such a closed surface is zero. 

10. d. If potential difference across an isolated charged capac¬ 
itor is doubled by doubling separation between plates, the 

Q 2 

energy stored in capacitor from U = — becomes double 

. 20 

of previous value. Hence, statement I is false. 

> 


15. a. Earth is a good conductor of very large size. The ca¬ 
pacitance of earth is very large. If some charge is given 
to earth or some charge drawn from earth, it does not af¬ 
fect the original potential. Thus, the potential of grounded 
object is supposed to be zero. 

16. a. Free electrons present in the metal are moving randomly 
in all directions, in absence of electric field. Hence, the 
average velocity of electrons is zero. Because of it the 
current does not flow in the metal in the absence of electric 
field. 


17. c. If V is the accelerating potential and v is the velocity 
of electron, then 

eV = -mv 2 Or v oc J~V 
2 

v\ _ Wl 

Here, Vj = V.V 2 = 2V. 

Vi_ = rr = J_ 
v 2 V 2 V *J2 
=> v 2 — \f2v\ — [Av\ 

Reason is a false statement, as conditions must be dis¬ 
cussed for electron to moye on circular path. 
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18. a. We know that surface density of a charge is very large 
on the sharp ends of a conductor. Hence the lightning 
conductor conducts charges of lighting to earth and there 
is no harm to the building. 

19. b. On an equipotential surface, the potential at each point 
is same throughout. * 

Let E be electric field at a point on an equipotential sur¬ 
face. Then, small work done in moving a test charge q$ 
through a small displacement along the surface. 

dW = E- dr=(q 0 E)- dr 

Since work in moving a test charge along an equipotential 

\ surface is always zero, 

(—qo £)■ dr — Q or E - dr = 0 
Hence, electric field is directed perpendicular to the sur¬ 
face. 

20. d. A charged body and an uncharged body can attract 
each other. When such bodies are placed near each other, 
the induced charges of opposite kind are produced on the 
uncharged body. 

21. d. The charged particle may or may not move along an 
electric line of force. If the charged particle was initially at 
rest, it will move along an electric line of force. In case the 
charged particle has some initial velocity making certain 
angle with a line of force, then its resultant path will not 
be along the line of force. 

22. a. If a body acquires positive charge, then it means it has 
lost a few electrons. In this way, its mass decreases. 

23. c. We know that when a high-energy X -rays beam falls on 
metallic ball, the ball will emit photoelectrons. So, the ball 
will acquire positive charge because of which it will be 
deflected in.the direction of electric field till equilibrium 
is reached. 

24. c. We know that common potential will be between two 
initial values, so it will be less than the potential of one of 
the conductors. Since both have positive charge, so they 
will repulse each other. 

25. a. A polar molecule has intrinsic dipole moment or perma¬ 
nent dipole moment, so it is called an electric dipole. In a 
polar molecule, the center of positive and negative charges 
does not coincide with each other because of asymnfetric 
shape of molecule. 

26. a. It is true that body of a vehicle is charged when the 
vehicle is moving through air at high speed. Because of 
it, the vehicles which are carrying highly inflammable 
material have hanging chains, which touch slightly the 
ground. This chain transfers the charge to the ground 
(earth). Hence, there is no harm to the vehicle. 

27. a. The tangent at a point on the electric line of force tells 
the direction of electric field changes from point to point. 
So, the lines of force are curved lines. Further, they are 
continuous curves and cannot have sudden breaks other¬ 
wise it will indicate the absence of electric field at the 
break point. 


28. c. If a dielectric slab of dielectric constant K is filled in 
between the plates of a condenser while charging it, the 
potential difference between the plates does not change, 
but the capacity becomes K time. Therefore, 

V 7 = V;C'= KC 


Energy stored in the capacitor 


U' = - c’v a 
2 

= \ (KC)(V 2 ) 



K = KU 


Thus, energy stored becomes K times. 
Surface charge density, 


<r 


A 


CV 


A 


KCV 

A 



29. b. The capacitance of a capacitor 


Hence 

or 


£i 
‘ c 7 
c 2 


Ke 0 A K 
C= — 

d 

Ki = I 

d\ X K 2 ~ d * IK ~ 6 

.6 Ci 


Again, capacity of a capacitor C = — 

Therefore, capacity of a capacitor does not depend upon 
the nature of the material. 

30. c. In series combination, 


Cs ~ + C 2 + C~3 

In parallel combination, Cp = Cy + C 2 + C 3 
Thus, it is obvious that Cp > C 5 . 

31. b. If the medium of dielectric constant K is filled in be¬ 
tween the plates of a condenser after removing the con¬ 
nection of battery from the plates of the condenser, then 
capacitance increases K times. Also, the potential energy 

reduces to — times. 

K 

32. b. The total energy stored in series combination of ca¬ 

pacitors is the sum of energies stored in the individual 
capacitors, i.e., U = U\ + U 2 + + ■ ■ ■ - It is also true 

that energy is a scalar quantity. 

33. d. From the relation, 



where, t is the thickness of dielectric and K — 00 . If the 
capacitor is filled completely with a metallic slab, then 
thickness becomes equal to the distance between plates 
i.e., / — d. Hence C will be equal to infinity. It means 
that when a capacitor is filled completely with metal, the 
capacitor will be short circuited. Hence, it cannot work as 
a capacitor. 






Appendix Al: Miscellaneous Assignments and Archives on Chapters 1-4 At.63 


34. b. A capacitor does not discharge itself. In case the capac¬ 
itor is connected in a circuit containing a source of high 
voltage, the capacitor charges itself to a very high poten¬ 
tial. So, if a person handles it without discharging, he may 
get a severe shock. 

Dielectrics and insulators are the same. 

35. d. Potential at the surface of metallic sphere is given by 

V = —-(Here, r = L cm =10' * 2 3 4 * m, q = 1 C) 

4jT£o y 

V =9x 10 9 X -J-r or V = 9 x 10 11 V 
10 2 

Now, this large potential will ionise the air surrounding 
the metallic sphere, therefore the charge will leak away. 


Statement II follows from relation Q = C V, 

i.e., electric charge = capacitance x electric potential. 

36. b. The capacitance of parallel plate capacitor is given by, 



where A is area of the plates and d is the distauce between 
plates. 

£o A 

Hence, - d - = 2 =* C‘ =2C 

So A 
d 

V 2 / 

When a dielectric of dielectric constant K is introduced 
in between the plates, then the capacitance 



i.e., C depends on induced dielectric constant. 

37. d. The total charge on each plate will have the charge in 
same quantity, as charge is independent of area. But the 
charge will be of opposite nature. 

38. c. When an electric field is applied to the dielectric, each 
molecule of dielectric gets polarised, he., centers of grav¬ 
ity of positive and negative charges get displaced from 
each other. On the left face, a net negative charges - q\ 
appears. Thus, electric dipoles are produced inside. This 
is the dielectric polarization. 


39. b. When a glass sheet is introduced between the plates 
of a condenser, then capacitance will increase. Since no 
battery connection is made, so charge will remain same. 

q 1 

Hence, from the relation V = - or V cx potential de¬ 
creases. 

40. c. The capacitance of a spherical conductor of radius r is 
given by C = Aneor. 

The radius of spherical conductor having capacitance 1 F 
is given by 


t = ——— = 1 X 9 x 10 9 = 9 X I0 9 m = 9 x 10 6 * * km 
4 tt gq 

Since one cannot have a spherical conductor of such a big 
radius, even greater than earth, so it is not possible to make 
a spherical capacitance of 1 F and earth itself cannot have 
capacitance of 1 F. 


41. b. Torque acting on the dipole is also zero when it is op¬ 
positely directed w.r.t. electric field. 

F 

42. c. In a medium, F m = 

A ■ 

From above expression, it is quite clear that greater the 
value of K smaller is the force between the two charges. 
Electric dipole moment is directly proportional to dielec¬ 
tric constant. 


43. c. We know that for an electric dipole, 

1 /2/A 1 / p\ 

EMial = 4^0 V J and 47 ££o W 


Hence, — ^equatorial 


or 


-^equatorial ” ^ 


Reason is false as electric field due to dipole varies in¬ 
versely as cube of distance, i.e., E oc 

44. a. Magnetic field acting on particle is given by 


F = q(v x B) 


Power associated with force P = Ev — 0 
(Since F is perpendicular to v) 

Magnetic force does no work- and hence K.E. remains 
constant. But force acts so momentum changes. So both 
assertion and reason are true and Reason gives explanation 
for assertion. 

45. b. Statement I and Statement II are true statements but 
Statement II do not explain Statement 1. 


Comprehension 

Type 


For Problems 1-3 

1. a., 2. c», 3. b. 

Sol. ^ _ 4l +42 + 

£<j $0 - 

(+3.1 x 10- 9 - 5.9 x 1CT? -3+ x 1(T 9 ) 

8.85 x 10- 12 

= - 666 Nm 2 C _l 

2. c. By replacing the plastic plate with Aluminium plate of 
same dimensions, the charge density (i.e., <r) does not get 
affected. Hence, electric field will remain constant. 

3. b. Due to induction, some positive charge will lie within 
Gaussian surface drawn and hence flux becomes positive. 
For Problems 4-7 

4. a., 5. b., 6. c., 7. a. 

Sol. 2[nt\g - B] + m 2 g = 0 

ZlVpucg - Vp*\ r g] - - m 2 g ' 

-m 2 1.1 x 10“ 3 10“ 3 3 

2[p H e-Pair] ^ 2{l 3 - 0.2] ~ 2 ^ 
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10 3 , , ' 

= —cm 3 = 500 cm 3 
2 

kq 2 9 x 10 9 x q 2 

rcos«= -X--.T (0.6)= (12); " 

T 1.] x 10-> x 10 

T sin 0 — ——; T (0.8) —- 


From (i) and (ii), 

06 _ 9 x 10 9 x q 2 
08 “ 


and T — 


(1.2)2 i.i x 10- 3 x 10 

q = 8.12x 10-’ C = 0.8 pC 
9 x 10 9 x q 2 


= 6.875 x 10" 3 N 


(1.2)2 x (0.6) 

Also, T sin# = 5.5 x 10 -3 N 

For Problems 8-10 
8. c. From Fig. A1.200 
Sol. 


i D 



Va-V b = V a -V d = E AD 





(i) 

(ii) 


= E AB cos 30° - E2VZ— = 3 E 

2 

9. b. V c - V B = V F - V B = E ( BF ) (Fig. A1.201) 

= -E(BC) cos60° = — Ex4x-=—2E 

2 


10. d. W el = q(V A - V c ) 

= q(V A - V B ) + (V B -V c ) = q (3E + 2E) = 5qE 

For Problems 11-13 

11. c., 12. c., 13. a. 

dV 

Sol. E — - — — Ax 

dx 

12. c .F = qE= 2.5 x 10“ 6 (—4jc) = -10 “ 5 * 


0 0 
W = j Fdx = -1<T 5 j x dx 
2 2 

r 2 i 2 

Mr ^ V — 2 m$ _J 

L 2 Jo 


-mv 1 — 10 5 
2 


13. a. F = —10" 5 x 

ma = —10 ” 5 jc => 10 x 1 0 ~ 6 a = —10 -5 x 

=> £ = —x 


to 2 = 1, a> = 1 rad. T = 

For Problems 14-17 


2 jt 


27T 

T 


= 2 7T S 


14. c.j 15. a., 16. c., 17. b. 

Sol. Since Q = + 8 pC, if q is a positive charge, resultant 
force on it due to Q at A and Q at B will be along positive 
7-axis and it would move away along 7-axis. But the charge 
q here is observed to oscillate. This is possible only if q is a 
negative charge so that resultant force on it due to Q at A and 
Q at B is towards O . Under the action of this force, q moves 
towards 0 > crosses O and as it is moving along negative 7 
direction, resultant force on it will again be towards O. This 
force retards the motion of q along negative 7-axis. It comes 
to rest at some point and then moves back towards O and so 
on (Fig. A 1.202). 

Y 

i 

10.1 m 


Q ! 

Q 

A 0 

B 

(- 2m, 0) 

(2m, 0) 

M—(2m)—*H- 

-(2m)—M 


X 


Fig. A1.202 


Force applied by Q on q has a magnitude 


1 Qq 

Ait £q y 2 + a 2 


Force applied by Q at A on q can be resolved into rectan¬ 
gular components: F cos 8 and F sin 9. Similarly, force ap¬ 
plied by Q at B on q can be resolved into components: F cos 
8 and F sin 9. F sin 8 components of the two forces balance 
each other so that the net force on q is 2F cos 8 towards O . 


nfiM--7 

rv-► p 





F s\nd i 

r \ 


y-Q.lm \ 


Net force on q> F H =2 
1 2 Qq 


■a = 2m-►H- a = 201- 

Fig. A1.203 

I Qq 


F n = 


47T£ 0 y 1 + 
y i 


COS0 


iQqy 


Attsq y 2 -f a 2 ( y 2 + a 2 ) 1 ! 2 . An So (y 2 + a 1 ) 3 ! 1 

For y << a, 

1 2 Qqy 

net force on q,F n — 


(0 


( 2 ) 


An so a 3 
Here, £ = 8|iC = 8 x KT 6 C 

At / = 0, q is at y = 0.1 m. Obviously y < a { - 2 m). 
Since the motion is simple harmonic, we can us'e the 
approximation y « a so that net force, from equation (2), 
will be proportional to displacement ( y ). Initially, i.e., at 
y = 0 m, force on q is 9 x 10 -3 N. 
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Using equation (i). 


9 x 10-> = (9 x ■) 


=> q =5 x 10- 6 C = 5 mC 
This, in fact, is the magnitude of q . We know that q, as 
explained earlier, is a negative charge. Hence, q — —5 pC. 
So, correct option is (c). 

At t = 0, q is released at a point 0.1m from 0 on Y -axis. As it 
oscillates, its other extreme position will be 0.1 m from 0 on 
the negative 7-axis, assuming undamped simple harmonic 
motion. Hence, amplitude of oscillations is 0.1 m or 10 cm. 

So, correct option is (a). 

From Fig. A 1.203, 


where 


F* = 


k = 


1 2Qqy 
4 7 t £ 0 a 3 . 

1 2 Qq 


= ky 


4jt£o a 3 

Thus, F n oc y 

We also know that F n always acts towards O (mean 


position). Time period of resulting SHM will be T = 2 nJ — 


or frequency 


1 


--L/I 

2tt V m 


f = 


1 2Qq 


27t V 47T^o m# 3 


/ = 


1 


(2x3.14) 


/(9xlQ 9 ) ^ (8 „ Xl0 : 6X5 , X , i^^5 


(91 x 10~ 6 )(2) 3 


[m = 91 mg = 91 x 10 6 kg] 
Thus, the correct option is (c). 

In SHM, equation of displacement from mean position can 
be expressed as y = a sin (o)t 4- $) 

Here, a = 0 A m ; a) = Inf — 2 tc x 5 = 10 n 

y — 0.1 sin (10 7rr 4- <p) 


But at /= 0, y = 0.1 (given) 

Hence, 0.1 =0.1 sin0 or sin0 = 1 

=* 0 = y — 0.1 sin (10 jrt + jt/2) 

Thus, the correct option is (b). 

For Problems 18-21 


18. d., 19. a., 20. c., 21. c. 

Sol. The two particles move in different circles (Fig. Al .204) 
The mutual interaction force provides the required 
centripetal force to the particle. As magnitude of the 
interaction force is same, 


Fj 2 = 


r\ 


and F 2 \ 


m 2 v\ 

ri 


2 Q -Q 

■-—► E 

Fig. A1.204 


F 2 


n 


m 1 v\ 


ri 


Putting values, we get ri — 2 ri 

Also, ri + r 2 = 12 x I0 -i2 »j (given) 

r[ = 4 x 10 -12 m;/-2 = 8 x 1(T 12 


m 


v 2 (10 3 ) 2 

, Acceleration of first particle = — = —-r —ttt 

n (4 x 10 -12 ) 

— 2.5 x 10 15 ms -2 

19. a. Acceleration of second particle is 


y| _ (2 x JO 3 ) 2 
rj"(8x I0~ 12 ) 


= 5 x 10 15 ms -2 

m.]Vi 


20. c. Just after release, Vcm = 

(2 x 10 -3 °)(0) + (10 _30 )(2 x 10 3 ) 2 Irt3 _. 

---—-—tt -- r x 10 5 ms 

3 x 10- 30 

21. c. From Fig. A1.205 


mi + m2 
2 
3 



Since the distance between them always remains 
constant but they move with different velocities, therefore 
they must move in different circles with common center as 
shown in the Fig. A1.205. 

For Problems 22-23 
22. b., 23. d. 

Sol. Charge on capacitors C\ and C2 before closing the 
switch S (Fig. A 1.206), 



After closing S, charge in C2 (final charge) 
qi = C 2 e 

In loop ABDEFGA, £ - — - s = 0 =$ q { = 0 

e 

Final charge on C \, q\ =0 

To make final charge in Cl, the charge go will flow 
towards battery. 
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c I 



e~ 


£ 1 F 2 G 

Fig. A1.206 

Hence, charge flown towards direction 2, 

To make charge on capacitor C 2 to final value q 2 > the 
charge flow into capacitor 


C\C% 

A q = C 2 e - „ \ t, £ = C 2 e 


C\+ C 2 


1 - 


C j + c 2m 


A C 2 fi 


C i + C 2 
At junction F, 

— Aq - Aq 2 — 


C 2 s 


[C 2 + C[] = C 2 e 


Ci + C2 

Hence, charge flown in the direction of 1 = Aq = C 2 s 
Alternate Method: (Fig. A1.207) 

In loop ABDEG, - ( ^° + A '? l) _ e + £ _ q 


Ci 


A?i = -<?o = - 


C,C 2 e 
C,+C 2 


In loop BFEDB, - ( ' ?0 +Agl - + e = 0 
C 2 

Agr - C 2 e - <?o 


D A *' . 

p-«in" 

T ° 2 

I 

4 - ' -►— 


E A q 2 F A q | 

Fig. A1.207 

At junction F, Aq 2 = A q\ ~ Aqi = -q 0 - (C 2 £ -q 0 ) 
= — C 2 b 

Hence charge flow, in the direction of: 

(1 ) = __£i£2l 

c, + c 2 

(2) = C 2 £ 

For Problems 24-26 
24. a., 25. b., 26. d. 

Sol. Before earthing charge on each capacitor (Fig. A 1.208), 
qo = 120 X ^ 


q 0 = 24 x 6 = 144 pC 


+ 60 V 


l 

—*— 
A<?l 


£ — 120V 


=^C, = 2pF 
r A q\ 

13 


-60 V 


A ^ 2 v. 

C 2 =2\iFzL 


A^ 




// 


M 


Fig. A1.208 


After earthing, 


Path ABDE, 0 + 60 - 


(< 7 o + A41) 


= 0 


Aq\ = 120 — qo — 24 pC 


Path AAttffi, 0-60 + 


(< 7 o + A42) 


= 0 


A 42 = 180 — <?o = 36 pC 
At junction E y Aq { + A q 2 — Aq 2 
Aq 2 ~ Aq 2 — Aq\ — 36 + 24 = 60 pC 
Hence, the charge flown in the direction 

(1) = -24 pC 

(2) = -36 pC 

■ (3) = +60 pC 

For Problems 27-28 
27. c., 28. b. 

Sol. Concentric cylindrical electrodes will produce radial 
electric field. As ion is entering at O and leaving at B , hence 
the path followed by ion should be circular and centered at 
A. Required centripetal force should be provided by force 
on the ion due to electric field. 


tt r. mv 

Hence, qE — —— 

A 


E = 


mv 

Jr 


As final velocity along x-axis becomes zero and finally 
the ion starts moving towards y direction, hence the electric 
field should have component towards x- and y-directions 
respectively. 

For x -component of electric field (using v\ — + 2 a x Ax): 

0 = v 2_ 2 (S3lYr 

\ m J 2 qR 

For y-component of electric field (again using 


wp + 2 a Ay) 
u 2 = 0 + 2 


(£)* 


E y = 


mv 


2 qR 


Hence, net electric field is 


E — — 


mw 2 . 


-i + 


mv“ 


J = 


mv 


2 qR 2 qR 2 qR 


(-i+j) 

































Appendix Al: Miscellaneous Assignments and Archives on Chapters 1-4 A1.67 


For Problems 29-31 

29. d., 30. b., 31* d. 

Sol. Plates 2 and 3 are joined together and they are neither 
connected to any of the terminals of the battery nor to any 
other source of charge. So, they jointly form an isolated 
system. 

30. b, Before closing the switches, charges are shown in 
figure below. 

After closing the switch, let q charge goes from battery. 
Then, charge on each will increase by q. 

6 pF 3 pF 


\ 

* 


. 200 V 

Fig. A1.209 

Applying Kirchhoff*s Voltage Law, 



q = 100 pC 

So, charge on 6 pF capacitor will be 700 pC and 3 pF 
capacitor will be 250 pC. 



6 pF 3 pF 



200 V 


Fig. A1.210 

Hence, option (b) is correct. 

31. d. From all the switches, 100 pC of charge will flow. 
For Problems 32-35 

32. a M 33. b., 34. d., 35. d. 

Sol. Let capacitance of A is C\ and that of B is C 2 . Both are 
with air. 

Given C\ = 2 C 2 

Before insertion of dielectric: 

^eqi = 3C2 

6 C 2 3 

After insertion: C ea \ =- 7 — = -C% 

1 C\+6C 2 2 


&U = -(C^ - C eq[ ) V 7 

‘• Jx10 ‘ 4 -5 [h-H 

C 2 = 2 x 20~ 6 , F = 2 (JF 


(12) 2 


Now before insertion of dielectric (Fig. Al . 211 ): 



Fig. A 1.211 


Energy in B = U\ = ^C 2 V 2 2 = 64 x 10 6 J 
After insertion of dielectric (Fig. A1.212): 


V 3 


v* 


Fig. A1.212 


V 4 = 


2 x 12 
2 + 6 


V 


Energy in B = U 2 = ~6C 2 V 2 = 54 x 10 6 J 

Decrease in energy^ Ui — U 2 = 10 -5 J 

33. b. Since dielectric is removed after disconnecting the 
battery, so charge on it will remain same. 


Q = C eq2 V = ^C 2 V = 36 x KT 6 C 
Work done in removing the dielectric=change in energy of B 


Q 2 
2 C 2 


(2 2 

2 x 6 C 2 


= 2.7 x lO -4 


J 


34. d. Before connecting as in situation (ii), both capacitors 
will carry equal charge. They will get neutralised on connect¬ 
ing as in (i). So, net charge on any capacitor will become zero. 
Hence, final electrical energy stored on them will be zero. 

35, a. Charges acquired by capacitors after the whole 
process described is completed (Fig. A1.213). 


Q\ 

+ 1 I - A 


Vo 

.+ | i-_ 

Fig. A1.213 
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Q = |c 2 x 12 = 36 x KT 6 C 

For situation (ii), let q { and q 2 are the final charges. V 0 
is common potential. 

q\ + qi — 36 + 36 = 72 pC 

Vb= £- = fr.*i =48 mC, q 2 -24 M C 
Cl C 2 

Final electric energy 

= i + If 1 = 432 x 1CT 6 J = 4.3 x 10- 4 J 
2 ICi C 2 J 

For Problems 36-38 

36. a.» 37. a., 38, b. 

36. a. System is equivalent to two capacitors 

C, = —,c ; = — 

Since both are connected in series, so 


or 

or 


or 


111 r — /) 

c~c’i + c 2 ~ ~Kb^A + fio-4 

t + Kd - Kt K(d — t)+ t 


KsqA 

KsoA 

Ks 0 A 


K(d-t) + t 


s 0 A 

So A 


(d-t)+j (d-t)+ t - 



37. a. According to question, 




3 £ 0 ^ 
27 


Solving, we get 


/ 

d 


2 

3 


38. b. If charge q on the capacitor remains unchanged, then 

„2 


J] — 17 jj — _2_ 
. ' 2 C„ ’ / 2C< 


cq 


or tA _ Ceq_ d _ 3 


Vj 

For Problems 39-43 


39. a., 40. d., 41. b., 42. d., 43. c. 

Sol. The charge distribution on various surfaces is as shown 
in the following figure. —q\ on the surface of Cavity 1 will 
spread uniformly if q\ is at the center, otherwise the distribu¬ 
tion would be non-uniform. Same is the case with — q 2 . 

The charge appearing on outer surface of the conductor 
is qi + qz + Q which would be non-uniformly distributed as 
radius of curvature at various points of conductor’s surface 
is different. The presence of q\ and q 2 (and their location) 



have no effect on the distribution of charge on outer surface. 
The presence of q will change the distribution of charge on 
outer surface, but still it remains non-uniform. 

40- d. Electric field intensity outside the cavity due to q 1 
and -q\ would be zero. 

E- qs + E-q\ = 0 

—* Q j 

E_ a . — —E ax — -- towards center of Cavity 1. 

4nsor 2 

41. b. E inside the conductor due to outside charges = 0 

Eq + Eq x + qi +Q = 0 

q 

= --towards q . 

47Z £qi 

42. d. If q 2 is at point Q> then induced charge -q 2 would be 

non-uniformly distributed. So, we cannot determine E due 
to -q 2 at any inside point, 

43. c. 

Sol. Potential at point Q = Potential of conductor + Potential 
due to q 2 + Potential due to -q 2 


For Problems 44-47 
44. b., 45. d., 46. c., 47. b. 

Sol. Let the charge distribution be as shown in Fig. A1.215. 


= Vb + 


<?2 




-qi 


qi 


4 n 4 n £0^*2 4jt£o 


fl_l 

\r 2 r 2 






From Gauss’s theorem, we know that facing surfaces of 
the conductor acquire equal and opposite charges. 
i.e„ Vi = V 3 and V 2 = V 4 
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Now, 


<71 +qi -qi = +4£> 
q 2 - qi +q4 - qi = -6Q 


(i) 

(ii) 


v 2 

V 3 


1 


1 

< 72-41 

1 

qi — <72 

1 

q^-qi 

4ne 0 

U 


2 R 

1 

37? 


47? 

J_| 

\ — 

L 

42 — q\ 

4- 

qi - qi 

|. 

q4 - qi 

4jt£o | 

[27? 


2 R 


37? 

) 

47? 

L| 

\ — 

L 

<72 — q\ 

4- 

qi - <72 


q4 - qi 

4jT£ Q | 



3 R 


37? 


47? 

J_l 

\lL 

L 

q 2 — q\ 

L 

qi — <72 


q4 - qi 

An £q \ 

[41? 


4 R 


37? 


47? 


From V l = V 3 t q,=-f 
From V 2 = V 4 , q 2 = - y 

2 Q 6 Q 

On solving equation (2), q\ = — ,q 2 = ——, and 

120 

K= — 

Substituting these values in equation (ii), — — 2Q 

44. b. Charge on the inner surface of 3 rd conductor 

6 Q 

= _92= T 

45. d. Charge on 4 th conductor 

12 Q -22 Q 


= <?4 — 43 = “ 2Q — 


46. c. Potential of conductor 1, Vi = 


-3 Q 


= V 3 


40tt e 0 R 
Q 

47. b. Potential of conductor 2, V 2 = r-= Va 

StzsoR 

For Problems 48-51 

48. b., 49. a., 50. c., 51. d. 

Sol. Inner wall is negatively charged, so it is at a lower 
potential (Fig. A1.216). 


+ 0 


Inner 

wall 


J 


Outer 

wall 


Fig. A1.216 
V 

49. a. Area of cell wall is, A = -~ 


a j 

E = —- NC _1 
5fio 


A — 10 5 m 2 


SO. c ,dV = -E dr 


Kiiilt-.r dinner — c X 10 ' Volt 
5e 0 


51. d. U = -£rj E 2 x volume 

2 

U = 1 ( 5 £ 0 ) [^1 x 10“ 15 J = — x 10" 16 J 
2 |_5£qJ £q 

For Problems 52-53 

52. b., 53. a. 

Sol. Charge on the plate of capacitor is (Fig. A1.217), 

Q = CV = — x V 
d 


+ 2 !_! 1 _ 


3 

e(i -m 


-Q 


L 


+ 2(1 -UK) 


Fig. A1.217 

From Gauss’s theory, for surface 1 (Electric field 

Q V 

between plates and dielectric slab) = —- = — 

£qA u 

E[ V , 

53. a. Inside the dielectric, E 2 = — = 

For Problems 54-55 

54. c. x 55. c. 

Sol. This can be treated as a system of two capacitors in 
series (Fig. A1.218), 




3 


Cc q — 

where C\ — C 2 = 


Fig. A1.218 

CiC, 


C\ + c 2 
2e Q A 


s 0 A 


55. c. Initially, charge supplied by battery, qi = -j- x V 1 

, 2eoA IeoAV 

After shorting, C eq = , so qy — 


, So, extra charge flown = q/ — q-, = 

For Problems 56-58 
56. a., 57. d., 58. c. 

Sol. C; = ^ ,C f = 

x x -f ax 

,, _ gv 1 _ c,v’ 


d 

eoAV 


dU = Uf- Ui = 


s 0 AV 2 


1 


jc + dx 


e 0 AV 2 dx 
-T— x —T [a: >> dx J 


2 
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57.d. qi — CjV, q f = C f V 

So, required charge, q = qj - q. 


= £ 0 AV 


U_il 

Lx+dx x] 


x -f dx 
sqAV dx 


J 

i L 

j 

T -y 

l i 

< 


-q 


—•* w 

P 


Fig. A1.219 


Negative sign implies that charge is entering into the battery 
from its positive terminal. 


Work done by battery — qv = — 


eoAV 2 dx 


Negative sign means that work is done on the battery. 

58. c. From work-energy theorem 


dK=0 = W d + W cxt + W bal[C(7 




£qAV 2 

2 



For Problems 59-61 

59. b., 60. b., 61. b. 

Sol. The electrostatic force generated by an electric field E 
on a point charge q is always 
F= qE 

No matter what object generates that electric field. 
Think of the mystery object as creating an electric field, 
which then pushes on q. If we know the field, we need not 
know what kind of object created the field. 

60. b. As discussed in previous problem, the data indicate an 
inverse square relationship, doubling the distance decreases 
the field by a factor of 4, Only graph (d) captures this insight. 
Graph (c) represents a regular inverse proportionality, in 
which doubling the distance cuts the field in half. 

2 kp cos 8 

61. b. According to the formula £ = - - - , doubling 

d s 

the distance from the dipole decreases the field by a factor 
2 3 = 8. (Mathematically, that is because doubling d increases 
the denominator by 8). By similar reasoning, doubling the 
dipole moment p , increases the field by a factor of 2. So, 
when we “turn on” both of these effects at once, the field 
decreases by a factor of 4. 

If this quick and dirty reasoning does not make sense, 
you can reason in steps as follows. Suppose the electric field 
has strength E 0 . First, we double p. This increases the field 
strength to 2 Eq. Next, we double d. This decreases the field 

2 Eft Eq 

by a factor of 8, to = —. The order of the steps makes 

no difference, you get the same answer either way. Therefore, 
this step by step reasoning works even, in real life, the dipole 
moment and the distance get doubled simultaneously. 

For Problems 62-63 

62. a.> 63. d. 

BE 

Sol. — is not zero, it means E y may change, as we move 
9 x 

along jt-axis. So, -q and +q may find different forces along 
y-axis, hence net force on dipole may be along y-axis 
(Fig. A1.219).- 


Obviously, forces along y-axis will rotate the dipole 
x-y plane, producing torque along z-axis. 

For Problems 64-65 
64. c., 65. a. 

Sol. Given, 2/ = 2 cm = 2 x 10“ 2 m (Fig. A 1.220) 

0 = 60°, E = 10 5 NCT 1 , r = 8V3 Nm 
r = pE sin 8 

=» 8^/3 = (q 21) E sin 8 > 

=» q= 8x 10 -3 C = 8 mC 



Fig. A1.220 

Potential energy of dipole U = —pE 

U = —pE cos 9 = -q x 21 x E cos8 
=> £7 = —8 J 

For Problems 66-67 
66. a., 67. c. 

Sol. Electric field at P is (Fig. A1.221) 


+ <? 
O 


CD 


CD 


+ <? 
-O- 




-+H- 


Fig. A1.221 


P 

-o- 


-H 




1 2 p 2 _j__ 2 pi 

4jz£o (r — a /2) 3 4jt£q (r + a /2) 3 


= -±-2qa\- -- 

4ns 0 L(r - a. 


/2) 3 (r + a/2)3j 

= 1 

4tt£o \ r 4 J 


Calculation of electric potential (Fig. A 1.222): 
1 p cos 8 


V = 


4tT£q 


= Vi + V 2 
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O—-H-OO—-—O--.• 

H— r - al2 —H 


O—-H-OO—-—O--.• 

H— r - al2 —H 
W- r + ail -H 


Fig. A1.223 


1 pcosn 1 pcosB 

4ne 0 ( r + a /2) 2 4 * e o (r - a/if 


The potential energy is 
U = —pE cos# 

= -(2.0 x 10 _29 Cm) (5,0 x 10 5 NCT 1 ) cos(180° - 37°) 
= 8.0 x I0 -24 J 

For Problems 72-73 
72. d., 73. b. 

Sol. Conserving energy (Fig. A 1.225), 

( /?F)jni[ial + (^^)inilial = Constant 

0 + 0 = -px —^+KE 
4nsd d 2 

KE ^4^d 2 


1 P_ 
4tt£q r 2 


1 P 
4jT£o 


/ fl\ 2 1 / 

a \2 


-) 

V 2 r) \ 

2 r) 

/ a \~ 2 / 

a V 


1 “ tt) 

V 2 r) V 

2 rJ 




7 = 


1 

4ttso 


2 pa 

7^ 


For Problems 68-71 


68. a., 69. b., 70. a., 71. c. 

Sol. Since the field is uniform, the forces on the two charges 
are equal and opposite, and the total force is zero. 

The magnitude p of the electric dipole moment p is 


p = qd = 1.6 x KT 19 x 0.125 X 1(T 9 
= 2.0 x 10" 29 C m 


The direction of p is from the negative to the positive charge, 
145° clockwise from the electric field direction (as shown in 
Fig. A1.224). 



> 


(a) 


Fig. A1.224 



The magnitude of the torque is 
r = qE sin$ = (2.0 x 10" 29 C) (5.0 x 10 5 NC->) 
sin(l80° - 37°) = 6.0 x 10~ 24 Nm 


From the right-hand rule for vector products, the direction of 
the torque x — p x E is out of the page. This corresponds 
to a counterclockwise torque that tends to align p with E . 


i 


* 



d 




Fig. A1.225 


\F\ = 


dU 

dx 


pq ( J_\ 

4 nso dx \x 2 / 


= -E 2 -(- 2 x- 2 ) = -^-~ 

4jt£q0 V 2jT£q * 3 


Force on dipole |F| — -- 

y 27t£o d? 

For Problems 74-75 

74. c.j 75. b. 

Sol. Net charge on the rod is zero, so the net force will also 
be zero. Location of charge will not matter as the electric 
field produced by a large sheet is uniform. 

i 

75. h. r = 2 J (X dx E) x sin 0 

o 



2Xa sin# f crXl 2 sin# 

=} z — — - l xdx — 

2 eo J 

o 


2 £q 
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For Problems 76-78 

76. b., 77. c., 78. d. 

Sol. Field inside the conductor is zero. 

77. c. Charge distribution is shown in Fig. A L.227. 


78. d. 


Q 








-Q Q 


O 0 








Fig. A1.227 

(g-g > 3J=2 sL 

so A eo A 



’ 4 

For Problems 79-81 
79. b., 80. b., 81. d. 


Sol. 


<?2 



q\ + 92 = 0 


v A 


*<?i &G 
R 2R 



kqi *G , k-q 2 

U (' — — -|- — -j- - 

c 4R 4R 4R 


G 

7 . =-3 

80. b. va = fc 

81. d. vb = A: 

For Problems 82-84 


V A = Uc 


Q 

and q 2 = — 


'=Q + .2 + _21 

Q 

3 R 2 R 12 R 

\-6maR 


5Q 

_6R 2 R 12 R_ 

48 irsoR 


82. d., 83. b.j 84. 84. d. 

Sol. Plate 2 and 3 are joined together and they are neither con¬ 
nected to any of the terminals of the battery nor to any other 
source of charge. So, they jointly form an isolated system. 


83. b. Before closing the switches, charges are shown in 
Fig. A1.230. After closing the switch, let q charge goes from 
battery. Then charge on each will increase by q . 



200 V 

Fig. A1.230 


6 pF 3 pF 

HI-lh 


200 V 

Fig.Al.231 

Applying Kirchoff’s Voltage Law 



= 0 


Or q = 100 pC. 

So, charge on 6 pF capacitor will be 70 pC and 3 pF 
capacitor will be 250 pC. 

Hence, choice (b) is correct. 

84. d. From all the switches 100 pC of charge will flow. 

For Problems 85-87 

85. a., 86. b., 87. b. 

Sol. When oil is pumped out then plates act as air capacitor 
between which electric field is more than electric field 
in dielectric capacitor. So choice (a) is correct and other 
choices are wrong. 

86. b. Since charged capacitor is isolated, hence, charge is 
conserved. So, choice (b) is correct and other choices are 
wrong. 

87. b. Since capacitor is connected to cell so potential 
difference across capacitor remains constant. When slab is 
pulled out capacitance decreases. 

Charge on capacitor Q = C V 

So charge on capacitor decreases and some charge will 
be returned to cell. 

Choices (a), (c) and (d) are wrong. 

For Problems 88-90 


88. b., 89. c., 90. d. 

Sol. Electrostatic force on block A is zero, while on block B 
F — qE — 1 x 10= 10N 
This force acts aloag negative direction of X-axis. 
Acceleration of block B 


a = 



10 

— = 10 m/s 


2 


But before collision, velocity of block B , 


V = -y/2aS 































Appendix Al: Miscellaneous Assignments and Archives on Chapters 1-4. A1.73 


or v = a/ 2 x 10 x 1.8 = 6 m/s uniformly on outer surface. But due to q 2 and Q + qu net 

Now, from conservation of linear momentum field at any point inside the outer surface should be zero. 


(m A + m*)u = m A v A + m B v B 

6 

(1 + 1)d = 0 + l x6oru = - = 3 m/s 

89. c. At equilibrium, net force on system is zero. Let x 0 be 
the compression in the spring in equilibrium, then 

Kx o = electrostatic force 
l&to = 10 

10 5 

° f = 18 = 9 

5 

So, equilibrium position will be x = — - m 

y 

90. d. Angular frequency of S.H.M, will be 


k /I* , 

co = J ---= J — — 3 rad/ sec 

V m A + m B V 2 


At x = - m. Speed is 3 m/s 
Therefore from u = co VA 2 — x 2 


or 3 = 3 VA 2 - * 2 or 1 = 1 a J A 2 - x 2 


or A 2 - x 2 = 1 or A 2 = 1 + x 2 



Hence, choice (d) is correct. 


^/^06 

9 


m 


Matching 
Column Type 


. i. -v c.; is. b.; iii. d.; iv. a. 

Sol. i. Since q 2 - 0, so charge Q +q\ on outer surface will 
be distributed uniformly. Hence, electric field of Q + q\ at 
center will be zero. 


Q + 9\ 



ii. Since q 2 is not zero, so Q + q\ will be induced non- 



E 02 + E<2+qi = 0 

47T£q (r -Rtf + Eq+?1 = ° 




1 


42 


4jtc 0 (r - 


1 _ 42 

4^ (r - Ri ) 2 


radially outward 


iii. Since Q + q j will be induced non-uniformly, so it is dif¬ 
ficult to determine its electric field at an outside point. 

iv. 



Net field at P due to q\ and -q\ should be zero. 

Eq\ + £(-$]) = 0 

Et \ — —E — 1 — 

~~ 4jzeo r 2 

2, i. -» b., d.; ii., -v a.,d.; iii. -v b., d.; iv. -v a.> c. 

If any charge is present outside, then charge on outer 
surface will be distributed non-uniformly. But if there is no 
charge present outside, then charge on outer surface will be 
distributed uniformly. This is irrespective of location of the 
charge inside. 

If charge is at center, then charge on inner surface will 
be distributed uniformly, but if charge is displaced from cen¬ 
ter, then charge on inner surface will be distributed non- 
uniformly. This is irrespective of whether the charge is 
present outside or not. 

3. i. -► a., d.; ii, -v c., d.; iii. a., b.; iv. b. 

i. When we insert the dielectric slowly, we have to apply the 
force on dielectric in opposite direction, so we have to do 
negative work. Because of this negative work done, energy 
of system decreases. 

ii. Here, again work done by external agent is negative, but 
here battery will supply some energy (or the battery will do 
positive work) due to which there is overall increase in energy 
of system. 

1 - 

iii . £/ = -C V , V remains same and C decreases so U also 

decreases. Work done by external agent will be positive in 
pulling apart the plates against the attractive force between 
plates. 

q 2 

iv. U = —, ^ remains same and C decreases so U increases. 
Work done by external agent will be positive in pulling apart 



















A1.74 Physics for 1IT-JEE: Electricity and Magnetism 


the plates against the attractive force between plates. 

4. i. -> b., d.; ii. -> a., c., d.; ill. -> a., c., d.; iv. -> a., c., d. 
Charge on the outer surfaces of the plates of capacitor will 
be zero always. If V = E> then no charge will flow in the 
circuit and hence no thermal energy will be dissipated. But 
if V ^ E y then charge will flow in the circuit and thermal 
energy will be dissipated. 

5. i. -v a., c.; ii. —► b.; iii. -> b., d.; iv. —> b. 
i. Initial potential difference across C\ : 


V, = 


4V 
2 + 4 


2V 

3 


On doubling the distance between plates, C\ becomes 
half. So, final potential difference across C \: 



4V 
1 + 4 


2V 

T 


VI 4V! 5 

This increases by a factor — —-- 

V t 2 V/3 

ii. Across C 2 : 

2V V 
Initially: = - 


Finally: V l = 


1 V 
1+4 


This decreases by a factor of 
V{ V/S 3 
V 2 ~ V/3 ~ 5 

iii. Energy in C, 


Initially: Ui = 1 x 2 


(F= 


4V 2 


, 1 /4 V V 8 V 2 

Finally: U[ = - x l x ( T ) = — 

This decreases by a factor 


6 

5 


U[ _ 8 V 2 /15 18 

U { ~~ 4 V 2 /9 ” 25 


6 . 


iv. Energy in C 2 
Initially: U 2 = 

■ Finally: = 



2V 2 

9 

2V 2 

~25~ 


m 

This decreases by a factor — = 

U 2 

i. -*■ b,; ii. -> a.; iii. -> d.; iv. -*■ c. 


9_ 

25 


i. Total electric field intensity at point 
P = 3.2 x 10 4 NC- 1 along AQ 

ii. Total electric field intensity at point 
Q = 7.2 x 10 4 NC -1 along PB 

iii. Total electric field intensity at point 

R = 9x 10 J NC -1 

iv. Electric field at point Q due to charge at S is 4000 NC~ 1 . 
7. i. b., d.; ii. > a., d.; iii. d.; iv. -> c. 

Sol. In case of hollow or solid conducting sphere of radius 
R, for an internal point (i.e., r < R) electric field is zero. At 
the surface, E can be either minimum ( = 0) or maximum 


\ 4ne 0 R 2 ) 


. .. It is worth mentioning here that one should 
4neoR 2 ) 

take E = 0 at the surface for dealing internal behavior and 

( Q \ 

I = --— 1 for dealing external behavior. So, electric field 

is discontinuous. 

Hence, i. b., d. 

In case of spherical volume distribution of charge, inside 

1 Qr 

the sphere electric field £ in = --—. From this expres- 

4n£o R 3 

sion, it is clear that electric field is zero at the center. At the 

( Q \ 

surface, E is continuous and maximum = --— . 

\ 4ns 0 R 2 J 

So, ii. a., d. 

In case of charged ring, electric field is zero at the center. 

a 

In case of infinite sheet of charge, electric field E — -—, 

2 s 0 

which is constant. 

So, iii —► d. iv. — » c. 

8. i. -> a., b.; ii. d.; iii. -> c.; iv. -> d. 

Sol. Potential difference to a line charge 
X 


V 2 - Vj = - 


2tT£o 

V2 — Vi 


(In t '2 - Inn) 


X , A 

In r 2 + 


2 7Z £q 2n £q 

At T\ — 00 , V\ = 0 

So, at any value of r 2t V 2 is infinite. 

9. i. -> a.; ii. -> c.; iii. a.; iv. a. 

Sol . ^i + ^=0 =» ,—Sl 

a b b 


Inn 



10. i. -> a., b.; ii. -> a., b.; iii. -> a., b., d.; iv. c., d. 

Sol. In situation (i), (ii), and (iii), shells I and II are not at 
same potential Hence, charge shall flow from Sphere I to 
Sphere II till both acquire same potential 

If charge flows, the potential energy of system decreases 
and heat is produced. 

In situations (i) and (ii) charges shall divide in some fixed 
ratio, but in situation (iii) complete charge shall be transferred 
to Shell II for potential of Shells I and II to be same. 

In situation (iv) both the shells are at same potential, 
hence no charge flows through connecting wire. 

11. i. c.; ii. -» a.; iii. -v b.; iv. d. 

Sol. From Fig. A1.236 

When circuit is closed, let charge q flows in the circuit; 
then applying loop law in ABCDA 
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q\ = CV 




"3_ 

2C ~Z to = 4 CV 


_k 

?4= \6CV 4C 


gi =9CV 




3 C 



Fig, A1.236 


gj -g ^2 -<? 43 - g q*-q _ Q 

C 2 C 3 C 4C 


In cases (i) and (ii), Jt-axis is the line of zero potential. 
In case (iii), y-axis is the line of zero potential. In cases (ii) 
and (iii), electric field at origin is zero. 


15. i. —► b.; ii. a.; in. —► c.; iv. -i 
Sol. i. £axiai for a short dipole — 



ii. ^poicmiai for a dipole = 


1^1 


47t£Qr 2 

iii. Net force = qE — qE = 0. 

Torque = PE sin 0° = 0 

iv. Net force # 0. as the value of E is different at both ends. 
But as the angle 0 = 0°, hence the torque is zero. 

16. i. a.; ii. —> b.; iii. d.; iv. c. 

9 V 

Sol. From question: — = — (2 xy + z 1 ) 
ox 


BV . 

- = -(2,z + ^) 

^=-( 2 zx + y 2 ) 
Bz 


Substituting the value of q\ ,qi, q^ and q ,4 we get 


q = 



12. i. d.; ii. -► a., c>, d.; iii. b.; iv. a., c. 

In this case, electric field is totally zero because in (a) and (b) 
particle P can be at origin. 

For points P, P* in Fig. A 1.112(c) electric field will be along 
x-axis only. Also, for point P in Fig. Al.l 12 (a) and (b) E x 
will remain non-zero while other two components of electric 
field will be zero. 

iii. —► b. Only in the case of disk jc-y components of electric 
field will be present as per given statements. 

iv. a., c. For the two points P and P } in Fig. AL 112(c), 
the field will be same as these are points are at equal distances 
from infinite line of charge. 

13. i. -» c.; ii. d.; iii. b.; iv. b. 


Sol. (i) U = - p ■ E. So, when <9 = ISO 0 , U = pE. 

ii. Angular acceleration is maximum when torque is maxi- 

—> ^ 

mum. r — p x E is maximum for 6 = 90°. 

iii. Angular momentum will not be conserved as there is no 
external force on the system but torque will act on the system. 

iv. During movement of dipole, total energy remains con¬ 
served. Only K.E. cannot be conserved. . 

14. i. a., c.; ii. a., b., c., d.; iii. a.> b., c.; iv. a., d. 

Sol. The electric field due to one dipole at center of other 
dipole is parallel to that dipole in all cases. Hence, torque on 
dipole is zero in all cases. 

In cases (ii) and (iii), the electic field at second dipole 
due to first is along the second dipole, hence electrostatic 
potential energy of second dipole is negative. 


V = x 2 y 4- y 1 z -hz 2 x + C 

Using this we can find out the works 
Further E(x> y, z) = E(-x> -y, -z) 

Direction of field at x> y, z is same as direction of field 
at (— x , —y, —z) and direction of area vector is just opposite. 
That net flux will turn out to be zero. 

17. i. b.; ii. a.; iii. c.; iv. —> d. 

Sol. E = -i-)=*E = 72 N/C 

a P =2 m/s 2 a$ = 4 m/s 2 
S/> = ^x2x4x2 = 8 m 

5rt=^x4x4=8m 
“ 2 


Archives 


Fill in the Blanks Type 

1. For plate 1 (Fig. A 1.237) 


For plate 2: 


q = CV = ^-xV 
a 


~ 2e oA 
2 q =- x V 
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2. It is greatest at point B since at B the equipotential surfaces 
are closest. 

3. Where there is no gravitational force, then in this case only 
electrostatic force of repulsion is acting which will take the 
two balls as far as possible. 

The angle between the two strings will be 180°. 

The tension in the string will be equal to the electrostatic 
force of repulsion 

1 Q x Q 1 Q 2 

4ns 0 * ( 2 L) 2 ~ 4ne 0 * 4L 2 

4. Initially, Charge on capacitance C = qi = CV 

Charge on capacitance 2C - qi = 2C V 


H H 


Hi 


2 C 


it 


'V 

Fig, A1.238 


Finally, Charge on capacitance C -q\ KCV* 

Charge on capacitance 2 C - q l 2 = 2CV i 
Since charge will not change 

3V 

CV+ 2 CV = KCV' + 2 CV f => V' = - -- 

k + 2 

5* Since electric field is conservative in nature, the work done 
by the field along PQRS will be same as along P to M to S 
(Fig. A1.239). 

—» —> 

Work done from P to M = F • PM 

= F(PM) cos 90° = 0 



Work done from M to S = F ■ M & = F(MS) cos 180° 

= —qE a 

6. V = 4x 2 V 

The electric potential changes only along a:- axis 
We know that 


E x = =► E x = ~j~(4x 2 ) = — 8jc 

ax ax 

The electric field at point (1, 0,2) will be (here x = 1) 


7. If we place a charge q at the sixth vertex of the regplar 
hexagon, then the net force on the charge -q placed a ( the 
center of hexagon will be zero due to symmetry. 



Fig. A1.240 

The force on charge -q due to the charge q placed on 
the sixth vertex, balances the net force on charge -q due to 
the other five charges placed at the five vertices. The force on 
charge -q due to charge q placed at the sixth vertex will be 

p = _J_ g X 9 
4ne$ L 2 


where L is the distance of the center of hexagon from any 
vertex (directed from to C). 

The magnitude of force on the point charge of value - 

I q 2 

q coulomb placed at the center of the hexagon is -- —r 


directed from O to F. 


4tt£o L 2 


True or False 

1. Let us consider two points A and B in an electric field. Let 
the potentials at A and B be V A and V B , respectively. 

Now, by the definition of potential difference, the po¬ 
tential difference between two points B and A is the amount 
of work done in carrying a unit positive charge from A to B 
between the two points. 



Mathematically, for path A 
Wap* 


B t 


= V B -V A 


W A p B =q(V B -V A ) 

For path A Q B, 

F«ul = vs-v< 

g 

w 'AQB = q(y B -V A ) 

Since the R.H.S. of equations (i) and (ii) is the same, 
=*■ W^ps = Waqb 


(i) 


(ii) 


E x = - 8 V 


(iii) 
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2. The statement is true. The metallic sphere which gets nega¬ 
tively charged gains electrons and hence its mass increases. 
The metallic sphere which gets positively charged loses elec¬ 
trons and hence its mass decreases. 

3. When a high-energy X-ray beam falls* it will knock out elec¬ 
trons from the small metal ball making it positively charged- 
Therefore, the ball will be deflected in the direction of electric 
field. 

4. The electric field produced between the parallel plate capac¬ 
itor is uniform. The force acing on a charged particle placed 
in an electric field is given by F = qE. 

In the case of two protons, q and E are equal and hence 
force will be equal. 

The statement is true, 

5. Force on charge —q due to small charge dq situated at length 
dl 

qdq 


dF = k 


5 R 2 


Resolving this force into two parts dF cos 6 and dF sin B 
as shown in Fig. A1.242. 


2. b. If we take a point M on the X-axis as shown in the 
Fig. A1.243* then the net electric field is in X-direction. 


N 


+<i 

• - 


(-4 0) 


-> X 


(d, 0) M 


Fig. A1.243 

option (a) is incorrect. 

If we take a point N on F-axis, we find net electric field 
along +X-direction. The same will be true for any point on 
Y-axis. Therefore, (b) is a correct option. 

C is incorrect. The direction of dipole moment is 
from -ve to +ve. Therefore, (d) is incorrect. 

3. b-Energy stored,!/ = V n 2 et = ^(3C) V^CFig. A1.244) 

A A 



Fig. A1.242 

If we take another diametrically opposite length dl, the 
charge on it being dq , then the force on charge —q by this 
small charge dq will be 

qdq 


dF = k 


5 R 2 


Again, resolving this force, we find dF &in & cancels out 
with dF sin 6 of the previous force and dF cos# components 
add up. 

2rrR 2 nR 

_ / f kqdq 2R 

F= I dF cos 9 - / x —=— 

J J 5 R 2 V 5 R 

0 0 

Charge on length 2itR = Q 

Qdl 

Charge on length dl = = dq 


2j tR 

-h 


2 Icq i 

5 

2k Qq 


2 nR 

Qdl 
2 jiR 


x2jcR = 


2k Qq 


5\/5 x 2k R 3 SV5 R 2 

This is not an equation of simple harmonic motion, 
the statement is false. 

Single Correct Answers Type 

1. b. Correct option is (b). Concept: The potential at the surface 
of a sphere is same as the potential at the center of the sphere. 


= ^CV 2 
2 


3 l= 




2 C 

Fig. A1.244 

.’.(b) is the correct option. 

4. b. Let the distance to be travelled be x. Let the strength of 
uniform electric field be E. 

For the electron: 


eE 


u ~ Q, s — x> a = —, t = ti 
m e 

S = lit -\ — at 1 => x=- —x / 

2 

For the proton: 

. eE 

u = 0, s =x, a = —, / = h 


2 m c 


m t 


S = ut + 

2 


1 eE 
2 m L 


x ti 


From equations (i) and (ii), 
A 


*j_ = Mp_ ^ r l = \0!z~ 

ty >n e t\ L m e- 

(b) is the correct option. 


M2 


5. a. 


V 0 = K^,V a = 0 

K 


l=o 

J-E-dl^Vo-V* 


l=Ct 


-*£-o 


(i) 


(ii) 
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9 x 10 9 x 1.11 x 10- ,£) 


0.5 


= 2 V 


(a) is the correct option. 

6. d. For the capacitor to get charged upto 0.75 V, the charge on 
the plates should be 

q = CV 

= 10~ 5 x 0.75 = 0.75 x 10“ 5 C 


abruptly somewhere in between the electric field which is 
not possible. Option (d) makes no sense, 
option (c) is correct. 

11. a. When S is closed, there will be no shifting of negative 
charge from plate A to B as the charge -q is held by the 
charge +q. Neither there will be any shifting of charge from 
B to A. Correct option is (a). 

12. b. As we move along the direction of electric field, potential 
decreases. 

V A <V b 


to 5 n 

—vwv- 


Cf ,10 _5 F 


Hi- 


E= 1.5 V 
Fig. A 1.245 

Using the equation of charging of capacitor 
q = CE [1 — e~' ,KC ] 


0.75 x 10 -5 = lO" 5 x 1.5 




1 _ £ 10 s x 10 -s 


e- = t 


Taking log on both sides, 

- r = - In 2 

=> l = 0.693 s 

(b) is the correct option. 

7. b. With the closing of switch S3, the potential across Ci and 

C2 would become identical to the average of V\ and V 2t i.e., 
(30 V + 20 V)/2 = 25 V. % 

(b) is the correct option. 

8. b. (b) is the correct option. 


= 0 


Here, we have — + — + ~^= 
a a aV2 

or £2 a/2 + q*J 2 + Q = 0 or Q (a/2 + 1) = ^*7 a/2 

^ Q = -jdl = _ 2 S— 

“ j2+\ 2 + Jl 

9. b. (b) is the correct option. 

The effective capacitance is given by 

1 --- 1 

+ 


£0 A 
d 


l 


+ k 2 ) 


2 *j] 


eoA 


The capacitance of a single capacitor will be —j- k 

, f 1 1 I' 1 1 _ 1 1 

“ l(*i +k 2 ) + 2k 3 \ ° r k ~ (*, + k 2 ) + 2ky ' 


10. c. Option (a) is not possible because all the three charges are 
positive and the electric lines of force will expand laterally 
and not contract longitudinally. 

Option (b) is not possible as electric lines of force are 
continuous lines but there are three lines which end up 



\ 

f k r 


W 

c 


B * * V 

a\ 

+1 


1 w 


Fig. A1.246 

Correct option is (b). 

13. „ Qq 


1 1 
+ 


a +x a —x 


47TSo(a) 4 ksq 

Ui — Uf = ^ [f or x << a y x 2 can be neglected 

7 2 tts 0 ^ 3 

in comparison to a 2 in denominator] 

14. c. Initially, 


H C H 

y\ 

H*h 


'CK, 


q^CV 2 



<h 

Fig. A1.247 


Initial energy = -C (V, 2 + V 2 )q\ + q 2 = CV\ + CV 2 

is 

— = q'i = 4 2 (Charge conservation) 

w L 

,_C(Vi+V 2 ) 

<}\ - A 


Final energy = 


C(V| + Vl? 

4 


.-. change in energy = Initial energy - Final energy 
= \c (V 2 + V 2 2 ) - |(V 2 + V 2 + 2V, Vi) 
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= £ [2 V, 2 + 2Vi- V, 2 - V 2 - 2Vi V 2 ] = £(V, - V 2 ) 2 

15. c. Electric field is perpendicular to the equipotential surfaces 
and is zero everywhere inside the metal. 

16. c. !£!=*-? 

/ 

Electric field due to P on 0 is cancelled by electric field 
due to S on 0 (Fig. A 1.248). 

Similarly, electric field due to Q to 0 is cancelled by 
electric field due to T and 0 . The electric field due to R on 
0 in the same direction as that of U and 0 . Therefore, the 

net electric field is 2E . 


+e 



17. d. The flux through the Gaussian surface is due to the charges 
inside the Gaussian surface. But the electric field on the Gaus¬ 
sian surface will be due to the charges present in the Gaussian 
surface and outside it. It will be due to all the charges. 

18. c. Fig. Al .249 shows the electric fields due to the sheets 1,2. 
and 3 at point P. The direction of electric fields is according to 
the charge on the sheets (away from positively charged sheet 
and towards the negatively charged sheet and perpendicular). 


But when a charge density is given to the outer cylinder, 
it will change its potential by the same amount as that of 
the inner cylinder. Therefore, no potential difference will be 
produced between the cylinders in this case. 

20. d. When a positive point charge is placed outside a conducting 
sphere, a rearrangement of charge takes place on the surface. 
But the total charge on the sphere is zero as no charge has 
left or entered the sphere. 

Net charge = 0 



Fig. A1.250 


21. b. Let us consider a uniformly charged solid sphere without 
any cavity. Let the charge per unit volume be a and O be 
the center of the sphere. Let us consider a uniformly charged 
sphere of negative charged density a having its center at O'. 
Also, let 00' be equal to a (Fig. A 1.251). 

Let us consider on arbitrary point P in the small sphere. 

The electric field due to charge on big sphere E\ = -— oP 

3 So 



0 


= 3 a 


> m + a 

El , 



Ei ' 

K > 

= 3 a 


- 2a 



© 


z=o 


Fig. A 1.249 


The total electric field 

E = E\ 4- E'i + Ey 
= E\(-k)+E 2 (-k) + E 2 (-k) 
^ ’ a + 2a ^ cr 
_2 So 2 so 



£o 


.*. (c) is the correct option. 

19. a. When a charge density is given to the inner cylinder, the 
potential developed at Us surface is different from that on the 
outer cylinder. This is because the potential decreases with 
distance from a charged conducting cylinder when the point 
of consideration is outside the cylinder. 



Also, the electric field due to small sphere 

•'3e 0 

the total electric field is 

e=e 1 + e 2 = [Op + pdl = f.O$' 

j£0 d£o 

This will have a finite value which will be uniform. 


22. c. The charges make an electric dipole. Points A and B lie 
on the equatorial plane of the dipole. Therefore, potential at 
A = potential at B = 0 


W - q (V A - V*) - q x 0 = 0 


Y 



Fig. A 1.252 
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. (!)(!) 


23- c. Fbc = — 

4 nSo (fl/s/3) 2 54 neoR 2 

24. a. Total charge enclosed by cube is —2C. Hence electric flux 
-2C 

through the cube is-. 

£0 

25 h =: gl+g 2 = 01+02+03 
4?r fi 2 4ir(2/i) 2 4 tt(3j 1 ?) 2 

2i : G 2 : :: 1 ■ 3 : 5 


>lssert7ow-/?eflso/j//7flf Type 

L b. Both are basic facts and have no relation with each other 


Comprehension Type 

For Problems 1-3 


1- a., 2. b.> 3. c* 

Sol. Net charge with in r < R is constant hence electric field 
is independent of a. 

R 



— (R — x)4tvx 1 dx — Ze. 

R 


d = 


3 Z* 
¥ 


71 


If within a sphere p is constant, then E oc r. 


Multiple Correct Answers Type 

1. d. Let us consider the positive charge Q at any instant of time 
t at a distance x from the origin. It is under the influence of 
two forces, F[(= F) and fo (— F). On resolving these two 
forces we find that F sin 0 cancels out. The resultant force is 


Fr ~ 2Fcos0 = 2 x 


_JcQq_ 

>A 2 + a 2 


x 

\A 2 - 1 - a 2 


IkQqx 
(x 2 + a 2 ) 3 ' 2 


Since Fr is not proportional to jc, the motion is not simple 
harmonic. The charge Q will accelerate till the origin and 
gain velocity. At the origin, the net force is zero but due to 
momentum it will cross the origin and move towards left. As 
it comes on negative jc-axis, the force is again towards the 
origin. 

2. a., d. (Fig. A1.253) 



Fig. A1.253 

Before introducing dielectric slab: 

P.d. = Vo 
Capacitance = C 


Charge,^ = CV 0 

P.E, U 0 = \CVI 
After introduction of dielectric slab 

P.d. = V 0 

Capacitance = KC [K is the dielectric constant of slab; 
K > 1] 

New charge, Q — KCV& 

New P.E., U = ^KCVq 

Correct options are (a) and (d). 

3. b. q has to be negative for equilibrium. 

Considering equilibrium of 1 

_ l F\i 2 F 2l 3 

F u 4 . » -< ■ +-* 

+Q f n 9 + Q 

A -/ 1 —► 

Fig.A1.254 


r*i3 = F\2 
KQxQ kQq 


(2l) 2 

4. b., d. From Fig. A 1.255 

+ q -q 


or 9 = - 


~Q 


d d' 

Fig.A1.255 

Charge on plate is q Charge on plate is q 


C - 


So 4 


d 

CV 

1 


C' = 


£0 A 


=$■ V = — V' = 


U = -qxV 
2 


d' 

9_ 

F 


u ‘ » -,V 


c <c 

V' > V 

* u l >u 

Options (b) and (d) are correct. 

5. a. The potential inside the shell will be the same everywhere 
as on its surface. As we add 3 Q charge on the surface, the 
potential on the surface changes by the same amount as that 
inside. Therefore, the potential difference remains the same. 

(a) is the correct answer. 

6 . a. The equivalent capacitance (Fig. A 1.256) 

1 _ [ 1 1 _ 11 
--+-+„ -~10 


-'eq 


2x5 


11 


Ccq - Yo MF 

(a) is the correct option. 


7. a., c., d. C — ^A> 
d 


C' = 


Ke 0 A 
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(T.P.EO/j = [P.E. due to £2 + P*E. due to Q 1 ] 


l a ‘ + Ti 


4xe 0 -JW+K 1 


47T£oR 



W = 


4ttso R 


q 

4neaR 



q(Ql -&) / V2-l \ 

47TS0R y >/2 / 


.-. (b) is the correct option. 

9. c. Let A be the charge per unit length. Let us consider a Gaus- 
. sian surface (dotted cylinder) (Fig. Al .259). 


[Q will remain same as no charge is leaving or entering 
the plates during the process of slab insertion] 

Q = C'V* = C'E'd 

£o*V 


r-±. 




Cd KsqA “ Kd 
-x 


Work done is the change in energy stored 


w= -C'V 2 - jCV 2 
2 2 


1 Ks 0 A 

2 d 


_ I w2 
2 d 

(a), (c) and (d) are correct options. 

8 . b. The work done in moving a charge from A to B 
W = (T.P.E.),, - (T.P.E.) fl 
T.P.E = Total potential energy 


0 . 



(T.P.E.),! = (P.E. due to <2 1 + PE. due to 

4(w) x, + (ss^hip)»] 

= dh[ G, + l§] 



[— 7] 

[H 


Applying Gauss's law 

4> = (b E ■ ds = — 

f* 

For (he flat portions of Gaussian surface, the angle be¬ 
tween electric field mid surface is 90°. Hence, flux through 
flat portions is zero. By symmetry, the electric field on the 

curved surface is same throughout. 

—> -* 

The angle between E and ds is 0° (for curved surface) 

f , A/ _ . . A/ „ A 

I ds — — 

J £0 


n . . A/ 

E x 2nrl — — 
£0 


=> E = 


2 7t£oV 


Eot- 

r 


*\ (c) is the correct option* 

10. d. The electric lines of force cannot enter the metallic sphere 
as electric field inside the solid meiajlic sphere is zero. Also, 
the origination ad termination of the electric lines of force 
from the metallic surface is normal (directed towards the 
center) 

(d) is the correct option. 

—> 

11. b., c. In regions I and II1> them will be electric field Eq directed 
from - 1 - to —. In region II, due to orientation of dipoles, there 

—V, —> 

is an electric field E * present in opposite direction of £o- But 
“> ■ / , 
since £0 is also present, the net, electric field is £0 — £jt in 
—> 

the direction of £0 as shown in Fig. A 1.260. (v £0 > £*) 
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Also, please note that when one moves opposite to the 
direction of electric field, the potential always increases, The 
stronger the electric field, the more is the increase in potential. 
Since in region 11, the electric field is less as compared to I and 
Ill, therefore the increase in potential will be less but there has 
to be increase in potential in all regions from x = Otox = 3 d. 

12 . d. Potential at origin will be given by 


V = 


_iT±_J_ + -L 

4n s 0 Uo 2*0 3*0 



4 n eo a.'o [_ 2 3 



q 

471SQX0 


ln( 2 ) 


13. (a, c) Let Q be the charge on the ring, the negative charge 
-q is released from point P (0, 0, Zo). The electric field at 
P due to the charged ring will be along positive 2 -axis and 
its magnitude will be 

Ess 1 

4n £ Q (R 2 + Zl)V 2 


Therefore, force on charge P will be towards center as 
shown, and its magnitude is 


F e =q£ = 


1 Qq 
Ane 0 (/? 2 + Z 2 yV 2 


Z 0 


(0 


Similarly, when it crosses the origin, the force is again 
towards center 0. 

Thus, the motion of the particle is periodic for all values 
of Zo lying between 0 and oo. 

Secondly, if Zo << R , ( R 2 + Z 2 ) 3/2 R 3 


i Qq 

F e = --x —- x Zo [from equation (i)J 

Ap £ 0 R 3 

i.e., the restoring force F e oc — Zo- Hence, the motion of 
the particle will be simple harmonic. (Here, negative sign 
implies that the force is towards its mean position.) 

14. a., c. The expressions of the electrical field are; 

Inside the sphere (r </?),£ = —-—~r; 

4ne 0 R 3 


Outside the sphere (R < r < oo), E = — % 

An so r 2 

Hence, E increases for r < R and decreases for 
R <r <co. . 

15. c., d. When two points are connected with a conducting 
path in electrostatic condition, then the potential of the two 
points is equal. Therefore (c) is the correct option. Option 
(d) follows from Gauss’s law. 

(a) and (b) are dependent on the curvature which are 
different at points A and B. 

16. a., b., c.> d. 

dS Q 

For r > tf 0) £ = --r = 7 ^ 
dr An Bor 2 

Charge enclosed by concentric spherical surface of r 
= 2Ro = SotpEAnr 1 

Q A _2 


= £o 


Ansar 


,2 


4nr l = Q 


dV 


For r < Ro> E = —= 0 and for r > Ro 
dr 

E = = An So r 1 (Here, V ~4>) 

dr 


Integer Answer Type 

f> — kr a 


R) 



^enclosed 


1 Q 


Anso(R/2) 2 8 AnsoR 2 

^^oncloscd = Q 

enclosed = Q 


^enclosed 


R/2 

=f kr " 


Anr 2 dr — 


Auk 

(^+3) 


(?) 


(<i+3) 


(a + 3) 


^enclosed 

2 rt+3 = 32 
a = 2 
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5.2 Physics for UT-JEE: Electricity and Magnetism 


In electrostatics, our discussion of electric phenomena has been 
focused on charges at rest. In the previous chapter we ireated the 
concept of electric potential, which is measured in volt. Now we 
will see that this voltage acts like an “electrical pressure’' that can 
produce a flow of charge or current, which is measured in ampere 
(or simply, amp and abbreviated as A) and that the resistance that 
restrains this flow is measured in ohm (Q). 


ELECTRIC CURRENT 


An isolated metallic conductor, say a wire, contains a few 
electrons which are moving at random with high speeds. These 
are called conduction electrons. The rate at which these electrons 
pass from left to right through a point in a wire is the same as the 
rate at which they pass from right to left through the same point, 
he., net rate is zero. 



Charges in motion through an area A . The time rate ni 
which charge flows through the area k defined as the 
current I. The direction of the current is the direction in 
which positlvcchnrgcs flow when free to do so. 


Fig. 5.1 


To define the current mathematically, suppose charged particles 
are moving perpendicular to a surface of area A as in Fig. 5.1 
(this area could be the cross-sectional area of a wire, for 
example). The current is defined as the rate at which electric 
charge flows through this surface. If A Q is the amount of charge 
that passes through this area in time interval A/, then average 
current, / av£ , over this lime interval through this area is the ratio 
of the charge to the time interval, 


i.e., 


Awe 


AG 

At 


(0 


It is possible for the rate at which the charge flows to vary will 
time. We define the instantaneous current 7 as the limit of the 
preceding expression as A/ goes to zero; 

, v &Q (IQ 
J = hm —^ = — 

Ai/->0 At (If 


(ii) 


conductor, (he direction of the current is opposite to the 
direction of How of electrons. 

• On the other hand, if one considers a beam of positively 
charged protons in a particle accelerator, then the current is 
in the direction of the motion of the protons. 

• In some cases—gases and electrolytes, for example, the 
current is the result of the flow of both positive and negative 
charged particles. 

• It is common to refer to a moving charged particle (whether 
it is positive or negative) as a mobile charge carrier. For 
example, the charge carriers in a metal are electrons. 


When a wire is connected to a battery, an electric field is set 
up at every point within the wire. This field exerts a force on each 
conduction electron. Although the electrons arc continuously 
accelerated by the field, but due to their frequent collisions with 
the atoms of the wire, they on an average simply drift at a small 
constant speed in ihe direction opposite to the field. Thus, there 
is a net flow of change in the wire at a small rate. The total charge 
passing through any cross-section per second is the electric 
current in (he wire. 

In the steady state of current through each section of the 
conducting loop would be same - no matter what is the location 
or orientation of area of that section see Fig. 5.2 This is because 
of the fact that charge is conserved. 


/ 

Fig. 5.2 


Unit of Electric Current 

It is ampere (A) in SI system. 

"The current is said to be one ampere when one coulomb of 
charge flows past any cross-section of a conductor every 
second ” 

Statement of Ohm's Law 

‘The electrical current in any conductor is proportional to the 
potential difference between its ends, other factors remaining 
constant/' 

The ratio of the potential difference to current is termed as the 
resistance of the conductor. 


- Points to Remember - 

• The particles flowing through a surface can be charged 
positively or negatively, or we can have two or more types 
of particles moving, with charges of both the signs in the 
flow. Conventionally, we define the direction of the current 
as the direction of flow of positive charge. 

• In a common conductor such as copper, the current is in 
physical state due to the motion of the negatively charged 
electrons. Therefore, when we speak of current in such a 


Accordingly, 7? = y => V - IR 


where./ = current, l / = p.d., and 


R = resistance 


The resistance of the conductor is the opposition offered b) 
the conductor to the flow of electric current passing through it. 

The resistance R not only depends on the material of thi 
conductor but also on the dimensions of the conductor. 

The resistance of an ohmic conducting wire is found to b< 
proportional to its length t and inversely proportional to its cross 
section area A. 
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i.e., 


*•<>$ 


on) 


where the constant of proportionality p is called the resistivity of 
the material, which has the unit ohm metre (Clm). To understand 
the relationship between resistance and resistivity, we should 
know that p depends on the properties of the material and on 
temperature. On the other hand, the resistance R of a particular 
conductor depends on its size and shape as well as on the 
resistivity of the material. 

The inverse of resistivity is defined as conductivity a Hence, 
the resistance of an ohmic conductor can be expressed in terms of 
its conductivity as 

t 1 

R - — 7 , where o - — 

<jA p 

Resistance and resistivity: Resistivity is a property of a 
substance, whereas resistance is a property of an object. We have 
seen similar pairs of variables before. For example, density is a 
property of a substance, whereas mass is a property of an object. 
Equation (iii) which is given above relates resistance to resistivity. 

SI Unit of Resistance 

Tlie unit of resistance is ohm (Cl). 

“The resistance of a conductor is said to be ) ohm if a current 
of } ampere flows through It when the p.d . across its ends is 
1 vol." 


i.e., in the case of conductors, current density is proportional to 
electric field E . 



Fig. 53 

Points to Remember 


CURRENT DENSITY 

It is the current flowing per unit area of the cross-section of the 
medium. The medium may be a conductor or a beam of charged 
particles. Unit of current density is AM 2 in SI units. 

Note: 

While electric current is a scalar quantity, electric 
current density is a vector quantity , 

If we take a localized view and study the [low of charge 
through a cross section of the conductor at a particular point, to 
describe this flow, we can used the current density 7, which has 
the same direction as that of velocity of positive charge. We can 
write the amount of current through the elements of area dS as 
di = JdS y where dS is the area vector of the element, perpen¬ 
dicular to the area of the element. The total current through the 

surface will be i = J JdS. 

If the current is uniform across the surface and perpendicular 
to it, then J is uniform over the area and parallel to dS. 

i= \jdS = jjdS = JS => 7 = j 

In case of conductors as V~ JR and by definitions, 

£ = - and R = p-. So, (EL) = 1 p- 
L S S 

i.e., J - — = — £ or j = <jE 1 with a- — 

s p \ p\ 


If the current has not reached a steady state, i.e., the flow of 
charge is not constant, then the current through different cross 
sections at a particular instant may have different values. 
Electric current may be distributed non-uniformly over 
the surface through which it passes. Hence, to charac¬ 
terize current in greater detail, current density vector J is 
introduced. 

Current density, 7, tells us how charge flows at a certain 
point and its direction tells us about the direction of the flow 
of charge at that point, while the current describes how 
charge Hows through an extended object. 



Currcul lhrougJ> oil 
sections would 
be same in sicody stale 

Fig. SA 

* The direction of current density is same as that of the 
velocity of +ve charge or opposite to the direction of the 
velocity of-ve charge. 

• Current density can be represented by a similar set of lines 
known as stream lines. The spacing of the stream lines 
suggest the value of current density. Narrower stream lines 
mean more current, density, spaced stream lines mean less 
current density (Fig. 5.5). 
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This in turn implies that in the case of conductors: 


a- Direction of current density is the same as that of electric 
field. 

b. If electric field is uniform (j.e M is constant) current density 
will be constant 

c. If the electric field is zero (as in electrostatics inside a 
conductor), current density and hence current will be zero. 

UilffllWfanwiM In a hydrogen discharge tube, the number of 
protons drifting across a cross-section per second is 
1.0 x 10 18 , while the number of electrons drifting in the opposite 
direction across another cross-section is 2.7 x 10 18 per second. 
Find the current flowing in the tube. 

Sol. As electrons and protons are moving in the opposite 
directions, they will effectively produce current in the same 
direction and the total current in the tube is 1 = ( n p + n e )elt 

= (1.0x I0 18 + 2.7 x 10 18 ) x 1.6 x 10' 19 /1 
= 3.7 x L6 x 10' 1 A = 0.592 A 


You need to produce a set of cylindrical 


copper wires 2,5 long that will have a resistance of 0.125 Cl 
each. What will be the mass of each of these wires? (Density 
of copper is 8.9 x 10 3 Kg/m 3 , resistivity of copper is 
1.72 x 10" 8 Qm). 

Sol. Given L = 2.5 m, R = 0.125 £2. y 

To find out the mass of each wire we need to find out the 
volume of one of the wire as 

Mass = Density x Volume 


Volume = Area x Length. [*\ R = 


Volume = AL 


= pi} _ 1.72xlQ~ 8 x(2.5) 2 


.0.125 



1.72x10^x6.25 

0.125 


1.72x 10' 7 x 5 


= 8.6 x l(T 7 m 3 

m=rfxv=:8.9x 1(T 3 x 8.6 x 10 -7 


= 9x8.6 x 10^= 1.72x lCr 7 kg = 7.74g 
Hence, the mass of each wire is desired to be 7.74 g. 


Consider a wire of length /, area of cross- 
section A and resistivity p with resistance 10 Q. Its length is 


increased by applying a force and i! becomes four limes of its 
original value. Find the changed resistance of the wire. 

Sol Here l { = /, A,- A, and R = 10 Cl. Similarly, l 2 = 4/ and R 2 = ^ 
Resistivity is same in each case as the material is same. The 
volume of the wire will remain the same even after the increase 
in the length. 


A^ -A 2 l 2 


_ Ajli _ At _ A 
" k ~ 4/ ~ 4 


The formula used for measuring resistance of wire R = p — . 

A 


Using this formula in both cases, R { = />— = — 

A\ A 


(0 


and r 2 , p , p —= t 6 Pj 


(ii) 


R- 

Dividing equation (ii) by (i) — = 16 

R i 


R-> = 160 Cl 


Illustration 5.4 


Consider a wire of length />area of cross- 
section A, and resistivity p where resistance is 10 Cl . Its 

length is increased by applying a force on it and its length 
increases four times of its horizontal length. Find the 
changed resis-tance of the wire. ' 

Sol. Here = /, A, = A, and R = 10 Cl. Similarly, 1 = 41 + 1 = 5 f' 
A 2 = ? and R 2 = ? The resistivity of the material will remain the 
same as wire in both the cases is same. The volume of the wire 
will be same as only the shape of the wire has changed 


A \l\ = A^A 


2 l 2 


A= AA_ = M = A 
Afa 51 5 


(i) 


The formula used for measuring the resistance of wire. 

A 

Applying this formula to both situations one by one we have. 

_ /, pi . 

R\ = p— = —, and 


R ,-_ p h., p JL = 25 £l 


A/5 




Dividing equation (ii) by (i) we have — = 25 


(ii) 


R 2 = 25 /?, = 250 a 


Illustration 5.5 


A wire of mass m, length /, density d y and 
area of cross-section A Is stretched in such a way that its 
length increases by 10% of its original value. Express the 
changed resistance In percentage. 


Sol. Given mass m y length l x = density d> and area of cross- 
section A, = A. Let p be the resistivity and R } be the resistance 
of the wire. Mass of wire m - volume x density = At X d = Al d. 


area of cross-section A, = —, the resistance of the wire 
1 Id 
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Let /2 be the new length 


U= 1 + -/ = / + 0 . 1 / = 1 . 1 / 

^ 100 

Let R 2 be the resistance of the wire after stretching, then 

* 2 =*/ 2 2 (ii) 

Dividing equation (ii) by (i), 


=> R 2 = 1.21 R { =R { +0.21 /?, 

— 0.21 R | 

Hence, the percentage charge in the resistance 
^ 2 ~ R ' xlQO =21 % 


Illustration 51(5 


carries a current of 1A when 1.7 V is applied across it. Calculate 

the length and the area of cross-section. If the wire is uniformly 
stretched to double its length; calculate the new resistance. 
Density of copper is 8.92 x I0 3 kg/ra 3 and resistivity is 1.7 x 10' 
8 n-m. 

SoL As, m - volume x density = (L x S ) x d 

fas volume = L x S) 


And as, V= IR> i.e., R = j = -y = l .7 Cl (ji) 

But as by definition, R = p (L/S) 


Solving equations (i) and (iii) for L and S we get, L- 5 m 
and 5 = 5 x 10 -8 m 2 

When the wire is stretched uniformly to double its length, the 
volume will remain unchanged, Le, 

SL=S'(2L) so S'= S/2 
and hence the new resistance will be 
_(2L)_ L 

(S/2) S 

DRIFT VELOCITY 

Under the normal conditions of temperature and pressure and 
without the influence of any external electrostatic field, the 
motion of free electrons in a conductor is due to the thermal 
energy and random. 

Now, when this conductor is placed in an external field, these 
free electrons start experiencing electric force and start moving 


under the influence of this force (see Fig. 5.6). However, although 
they are free to move, (hey are not able to move in a straight line 
because they encounter other electrons, ions, atoms, or 
molecules in their way (see Fig. 5.7). Hence they experience 
collisions after collisions, but are able to drift in a particular 
direction because of this external field. The drifting of these free 
electrons over some period of time is called drift velocity. 





£ ^ 0 £*0 

(ft) (b) 

Fig. 5.7 

Relation Between Drift Velocity and Current 

Let A = area of cross-section of the conductor, e = charge on each 
electron, v d = drift velocity, n = number of free electrons per unit 
volume, and / = current, then 

Total number of elections between cross-sections P and Q 
which are v d disiance apart = (Volume between P and Q) x n 
= Av d n - nAv d 

/. total charge in this volume, 
nAv d e ~ neAv d 



Fig. 5.8 
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Now, ihe electron which is present ai (he cross-section Q, will 
reach the cross-section P after one second because P and Q are 
so selected that the distance between them is v d which is the drift 
speed of the electron. Therefore, neAv (/ \s the charge which will 
pass through the cross-section at P (where P can be any point on 
the conductor). Hence this is the electric current which flows 
through the conductor, (see Fig. 5.9) 

A - Area of cross-scclion of conductor 



Fig. 5.9 

1= neAv tl 

Also, accordingly current density, V = — - nev d 

A 

The equation, J = >tev d , can be written in vector form as 
follows: 7 = nqv (I where q is the charge of the charge carrier and 
Vj is the average drift velocity. This equation is correct for both 
the signs of q. If q > 0, v d is in the direction of electric Held E 
and 7 is in the direction of £. If q < 0 (q - - e for electrons), as 
it is in metallic conductor, v d is opposite to E> and 7 = -nev d 
continues to be in the direction of E . 


Sol. Given A = 1 mm 2 = KT 6 m 2 ,/ = 0.1 m. V = 5 V 

Due to the applied potential difference across the wire an 
electric Held is set up in the conductor 

V 5 * 

Formula used, £ = —, = — =50Vm 
/ 0.1 

The current Rowing through the wire is given by 

1 - n Aev d ~ nAepE [where, jJ = —■] 

= 8x I0^x 10“^x L6x 10 ' i9 x5x 10^x 50 
= 400x8xl0" 3 a3.2A 


mssbsbw A current, 16 A, is made to pass through a 
conductor where the number density of free electrons is 
4 x 1028 m' 3 and its area of cross-section is KT 5 m 2 . Find out 
the value of the drift velocity of free electrons. 

Sol. Given / = 16 A, A = KT 5 m 2 , n - 4 x 10 28 rrf 3 . 

Also e= 1.6 x lO' t9 C 
Formula for drift velocity 

= J_ _16_ 7 

V<{ neA ~ 4xl0 28 xl.6xl0“ l9 xl0" 5 


1.6 x 10 


= -x 10“ 3 


= 0.25 x 10r 3 = 2.5x 10" 4 ms" 


A copper wire has a square cross-section of 6 
mm on a side. The wire is 10 m long and carries a current of 3.6 
A. The density of free electrons is 8.5 x lO^/m 3 . Find the 
magnitude of (a) the current density in the wire; (b) the 
electric field in the wire, (c) how much tune is required for an 
electron to travel the length of the wire? (/?, electrical 
resistivity, is 1.72 x lO^Hm) 

Sol. Given r = 6 mm, / = 10 in, / - 3.6 A, n - 8.5 x LO^/m 3 . 


(a) To find (he current density, formula used should be J - — 

A 




J - 


3.6 


3.6 


—10 5 A/m 2 


(6xlO^) 2 36xl0‘ 6 

(b) To find electric field, 

E = pJ= 1.72 x I0" s x 10 5 = 1.72 x 10“ 3 V/m 

(c) Time taken, 


l IneA 



_ 10 x 8.5 x 10 2 * x 1.6 x L0~* 9 x (6 x 1Q~ 3 ) 2 

3.6 

= 9J x 10 6 5 (approx) 


Consider a wire of length 0.1 m with an area 
of cross-section 1 mm 2 connected to 5 V. Find the current flowing 
through the metallic wire where ju = 45 x 1(T* m 2 
V - 1 s~\ e = 1.6 x 10" ,9 C,;/ = 8 x 10 25 m -3 . 


wwiHimrm (a) Estimate the average drift speed of 
conduction electrons In a copper wire of cross-sectional area 
1.0 x 1(T 7 m 2 carrying a current of 1.5 A. Assume that each 
copper atom contributes roughly one conduction electron. 
The density of copper Is 9.0 x 10 3 kg/m 3 , and its atomic mass 
is 63.5 u. (b) Compare the drift speed obtained above with 
speed of propagation of electric field along the conductor 
which causes the drift motion. 

Sol. 

(a) The direction of drift velocity of conduction electrons is 
opposite to the electric field direction, i.e., the electrons drift 
in the direction of increasing potential. The drift speed v d is 
given by eq. v (t - {UneA). 

Now, e = 1.6 x 10" 10 C, A = 1.0 X I0~ 7 m 2 , I = 1.5 A, th< 
density of conduction electrons, n is equal to the number o 
atoms per cubic metre (assuming one conduction electron pe 
Cu atom is reasonable from its valence electron count o 
one). A cubic metre of copper has a mass of 9.0 x 10 3 kg 
Since 6,0 x 10 23 copper atoms have a mass of 63.5 g. 

so ft — x 9.0 x 10^ = 8.5 x 10 2 ^ 

63.5 

which gives, 

_ _K5_ 

8.5xlO 28 xl,6x I0~ 19 x l.Ox I0 -7 
= J.l x lO^ms' 1 = 1.) mms' 1 
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(b) An electric Held travelling along the conductor has a speed 
of an electromagnetic wave, namely equal to 3.0 x 10 s ms” 1 . 
The drift speed is, in comparison, extremely small; smaller 
by a factor of 10“ IJ . 

A STRUCTURAL MODEL FOR ELECTRICAL 
CONDUCTOR 

Consider a conductor as a regular array of atoms containing free 
electrons (sometimes called conduction electrons). Such 
electrons are free to move through the conductor. In the absence 
of an electric field, the free electrons move in random directions 
with average speeds of the order of 10 6 m/s. The situation Is 
similar to the motion of the gas molecules confined in a vessel 
that we studied in kinetic theory of gases. In fact, the conduction 
electrons in a metal are often called electros gas. 

Conduction electrons are not totally free because they arc 
confined to the interior of the conductor and undergo frequent 
collisions with the array of atoms. The collisions are the 
predominant mechanism contributing to the resistivity of a metal 
at normal temperatures. Note that there is no current in a 
conductor in the absence of an electric field because the average 
velocity of the free electrons is zero. On an average, just as many 
electrons move in one direction os in the opposite direction, so 
there is no net flow of charge. 

However, the situation is modified, when an electric field is 
applied to the metal. In addition to the random thermal motion, 
the free electrons drift slowly in a direction opposite that of the 
electric field, with an average drift speed of v# which is much 
less (typically KT 4 m/s) than the average speed between 
collisions (typically l0 6 m/s). 

In our structural model, we shall assume that the excess kinetic 
energy acquired by the electrons in the electric field is lost to the 
conductor in the collision process. The energy given up to the 
atoms in the collisions increases the total vibrational energy of 
the atoms, causing the conductor to warm up. The model also 
assumes that an electron's motion after a collision is independent 
of its motion before the collision. 

On the basis of our model, we now take the first step towards 
obtaining an expression of the drift speed. Let a mobile charged 
panicle of mass m and charge q is subjected to an electric field E 
For electrons in a metal F s = eE. The motion of the electron can 
be determined from Newton's second law, ^F-m c a. The 
acceleration of the electron is 

0) 

m e m c rt\ 

The acceleration, which occurs for only a short time interval 
between collisions, changes the velocity of the electron. Because 
the force is constant, the acceleration is constant, and we can 
model the electron as a particle under constant acceleration. If 
v 0 is the velocity of (he electron just after a collision, at which we 
define the time as / = 0, the velocity of the electron at time / is 

_ J eE 

v=v 0 + at=v 0 -/ (ii) 


The motion of the electron through the metal is characterized 
by a very number of collisions per second. Consequently, we 
consider the average value of v over a time interval compared 
with the time interval between collisions, which gives us the drift 
velocity v d . Because the velocity of the electron after a collision 
is assumed to be independent of its velocity before the collision, 
the initial velocities are randomly distributed in direction, so 
that the average value of v 0 is zero. In the second term on the 
right of equation (ii), the charge, electric field, and the mass are 
all constant. Therefore, the only factor affected by the averaging 
process is the time /. The average value of this term 
is {-eEIm^z, where ris the average time interval between 
collisions. Therefore, eq. (ii) becomes, after the averaging 
process, 

v d = - % (ni) 

Substituting the magnitude of this drift velocity (the drift 


speed) into equation I = = nev d A y we have 

At 


I — neV (l A = ne 


eE N 

- T 


4 = 


ne 2 E 

m a 


tA 


(iv) 


According to Ohm's law, the current is related to the 
macroscopic variables of potential difference and resistance: 



Incorporating equation R = p —, we can write this expression 

A 

as 



In the conductor, the electric field is uniform, so we use eq, 
AV = Ei, to substitute for the magnitude of the potential 
difference across the conductor 


/ = 


?*A=*A 
pt p 


(v) 


Setting the two expressions for (he current, equations (iv) 
and (v), equal we solve for the resistivity: 


/ = 


ne 2 E 
- tA 


E A 

— p- 

P 


ne 2 T 


(vi) 


According to this structural model, resistivity does not depend 
on the electric field or, equivalently, on (he potential difference, 
but depends only on fixed parameters associated with the 
material and the electron. This feature is characteristic of a 
conductor obeying Ohm's law. The model shows that the 
resistivity can be calculated from a knowledge of the density of 
the electrons, their charge and mass, and the average time interval 
rbetween collisions. 

We can also write current density as 


7 = 


nev d 




m 
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dub A copper wire of cross-sectional area 3.00 
x 10“* m 2 carries a current 10.0 A. Find 

a. The drift speed of the electrons in the wire. Assume that 
each*copper atom contributes one free electron to the 
body of material. 

b. The average time between collisions for electrons in the 
copper at 20 °C. The density of copper is 8.95 g/cm 3 , 
motor mass of copper 63.5 g/mol, Avagadro number 
6.02 x 10" 23 electron / mol and resistivity of copper. 

Sol. 

a. The volume occupied by 63.5 g of copper 

V - — ~ = 7.09 cm 3 /mol 

p 8.95 

As each copper atom contributes one free electron to the 
body of the material, the density of free electrons is 

n = 6 02x10 ^ = 8.48 x 10 28 electron/ m 3 
7.09 xKT 6 

The drift speed 

/ 


ends of conductor. Find out the mobility of the electrons provided 
the drift velocity of the electrons is 5 x KT 6 ms" 1 . 

Sol. Given L = 40cm, V= 10 V >v t/ = 5 x ICT^ms -1 

To find the electron mobility we need the value of the electric 
field which can be obtained using following formula 


V 10 

E = - E = —— = 25 V/m 

/ 0.4 

Also the formula used for electron mobility: 



5X1CT 6 

25 



= 0.2 x 10-* = 2 x 10“ 7 m 2 V s _l 


Effect of temperature on resistivity and resistance: As long 
as the temperature of the material is constant, the resistivity of 
material also remains constant. As the temperature of material 
increases, the relaxation time (/) decreases the resistivity increases 
and hence resistance also increases* 

As the number of electrons per unit volume goes up, the 
resistance decreases* This can be easily visualized, since if the 
density of electrons increases, more electrons can flow in 
response to the potential difference and hence the current will 
increase* Therefore, the resistance will decrease. 




10.0 


8.48 x 10 28 x 1.60 x 10" 19 x 300 x 10 -6 
= 2.46 x 10- 4 m/s 

b- Average time between collision for electrons 


T= 




tie p 


9.lOxlO -31 


8.48xl0 2g x (1,6 xlO -19 ) 2 x 1.7x10“ 
= 2.5 x 10“ 14 s 


MOBILITY 

As wc have seen, conductivity arises from mobile charge 
carriers. In metals, these mobile charge carriers are electrons; in 
an ionized gas, they are electron and positive charged ions; in an 
electrolyte, there can be both positive an negative ions* In a semi¬ 
conductor material such as germanium or silicon, conduction is 
partly due to electrons and partly due to electron vacancies called 
holes. Holes are sites of missing electrons which act like positive 
charges. 

An important quantity is the mobility p defined as the 
magnitude of the drift velocity per unit electric field 



■HrararnpiCTM Consider a conductor of length 40 cm 
where a potential difference of 10 V is maintained between the 


TEMPERATURE COEFFICIENT OF RESISTIVITY 

Let us study the equation 

Rt~ tfrot 1 + 7o> + /3(T-T 0 ) 2 ] 

where a and /} both are called temperature coefficients of 
resistance, though different in magnitude. 


Temperature Coefficients of Resistance 


In case of pure metals, is negligibly small, so the resistance 
varies linearly with the rise of temperature (see Fig. 5.10). 

R t — /^qII + #(7*™ 7q)] 


where R T = resistance at temperature T 

R to = resistance at temperature T 0 (called reference tem¬ 
perature). 


a -a constant for a given metal and for a given 
reference temperature and is called temperature 
coefficient of resistance, its unit i*s per degree 
temperature (°C _I ). 



For conductors 

For alloys such as 
Manganin, constants, 
nichromc, eureka 

For semi-conductors, 
carbon and insulators 
and also electrolytes 
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T q is some reference temperature generally either 0°C or 20°C. 
a is (+) for metals* .004 per degree for Cu , (+) but very small 
(almost zero) for alloys such as mangain ( a= .00001 per degree), 
nichrome, constantan, eureka, and (-) for semiconductors and 
insulators. 


Let 


Pt ~ All + oc(T-Tq)] 
Pt~ Po~ &Pq(T-T 0 ) 



(£r -A) 

(T-T 0 ) 


(see Fig. 5.11) 


p- 


l„dp 

p dT 




Alloys c.g. maganjn, 
nichrome very-very low 
temp. coefF. 


Temperature 




Conductors e.g., Hg 
becoming super conductor 



Temperature (1C) -►- 

Fig. 5.11 



These observations can be understood qualitatively using the 

relation for resistivity: p - ™ 
ne l T 

For metals, the number of free electrons is fixed. As 
temperature increases, the amplitude of vibration of atoms/ions 
increases and collisions of electrons with them become more 
effective and frequent, resulting in the decrease in f and hence, 
increase in p. Thus for metals, p increases with temperature. 


Finding Coefficient of Resistance 

R — R 

i. a = — -— where, R■> = Resistance at u °C and 

/?, = Resistance at t, ®C 

Derivation 


R t = R 0 ( 1 + at,) 

R 2 = R 0 (l+ at 2 ) 

Dividing equation (ii) by equation (i) we have 


R, l+at, R, 

"l 


(i+at 2 )(i+cw,) 1 


(i) 

(ii) 


(Using binomial theorem and thus neglecting higher terms) 

-^-= (1 + ai 2 )() - at,) 

K \ 

(since a 2 is very small and hence neglected) 

R 2 = R,+R,a(t 2 -t,) => g = ?J~ R \ 

R,(t 2 -ti) 

R _ R 

ii. a- —^; where R* = Resistance at t 2 °C 
R^-RJ] 


Derivation 

R { = R 0 (\+aiy) 

R 2 = ^0^1 + ^2) 

Dividing equation (ii) by equation (i), we have 
R 2 l + ai 2 


0) 

(ii) 


Ry 1 + aty 

R 2 ~ jR\ — cc(Ryt 2 ~ R 2 t j) 


i ?2 4* R 2 at | — R y + R | at 2 


a-- 


R*y — Ri 


ill. a- 


_ K-R* . 


R\h R 2 U 

; where R , = Resistance at t °C and 


Rqt 

R 0 = Resistance at 0 °C 
Derivation 

R ( = R 0 (\ + at) => R t -R 0 = R 0 at 
R t ~Rq 


a~ 


Rnt 


iillWlWHBWH A copper coil has a resistance of 20.0 £2 at 

0°C and a resistance of 26.4 £2 at 80°C. Find out the temperature 
coefficient of resistance of copper. # 

So). R^q^c = R 0 >cW tzATJ 

=* 26.4 ft = 20.0 Q [ 1 + ax (80- 0)] 

26.4 , ^ 

- = 1 + 80 a 


20 

On solving, a= 4x 10" 3 °C _1 . 


Illustration 5.14 


A metallic wire has a resistance of 120 Q 
at 20° C. Find the temperature at which the resistance of same 
metallic wire rises to 240 £2 where the temperature coefficient 
of wire is 2 x 1QT 3 °CT 1 . 

Sol. Given R, - R^, R 2 = R T = 120 £2, / = ?, a= 2 x 10 -4 °C _ \ 
/, = 20°C, t 2 = T= ?. 

Formula used to find the temperature coefficient of resistance 

Rf ~ ^20 


a= 


R 2 

Rfa-h) 


a = ■ 


R 2o (T-20) 
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2x10^ = 


T= 


240-120 „ _ 120 

7TTTZ-TTT => T —20= -—- 

120(7-20) 120X2X10 -4 

- l — r + 20 = 0.5x]0‘ l + 20 = 5020°C 

2 x (0 -4 


VALIDITY AND FAILURE OF OHM'S LAW 


Ohm's law is not a law of nature, i.e., it is not a universal Jaw which 
would apply everywhere, under all conditions. Ohm's law is 
obeyed by metallic conductors, which accordingly are called ohmic 
conductors, that too at about normal working temperatures. At 
very high currents/voltages, even ohmic conductors do not 
follows this law as shown in the following sketch. Semi¬ 
conductors also do not follow ohm' s law as shown Figs. 5.12 and 
5.13. 




Diode jimcl ion 


+/ 



V-1 curve of a 
Thyristor 


Fig. 5.13 

Thus, Ohm’s law is not followed in the following cases: 

Materials; (i) Vacuum tubes (ii) Crystal rectifiers 
(iii) Transistors (iv) Thermistors, thyristors (v) Superconductors 

Conditions; (i) At very high temperatures (ii) At very low 
temperatures (Superconductivity) (iii) At very high potential 
differences 


- Concept Application Exercise 5.1 - 

1. How many electrons per second pass through a section of 
wire carrying a current of 0.7 A? 

2. A current of 7.5 A is maintained in a wire for 45 s. In this 
time (a) how much charge and (b) how many electrons 
flow through the wire? 

3. If 0.6 mol of electrons flow through a wire in 45 min, what 
are (a) the total charge that passes through the wire and 
(b) the magnitude of the current? 


4. A typical copper wire might have 2 x 10 21 free electrons in 
lem of its length. Suppose that the drift speed of the 
electrons along the wire is 0.05 cm/s. How many electrons 
would pass through a given cross-section of the wire each 
second. How large a current would be flowing in the wire? 

5. A coil of wire has a resistance of 25.00 Cl at 20°C and a 
resistance of 25.17 Cl at 35°C. What is its temperature 
coefficient of resistance? 

6. A metal wire of diameter 2 mm and of length 300 m has a 
resistance of i .6424^2 at 2QJ*C and 2.415 Cl at 15°C. Find 
the values of a, R 0t and /? 0 , where the zero subscript refers 
to 0°C, and p 2 o°c- Identify the metal. 

7. It is desired to make a 20 Q coil of wire which has a zero 
thermal coefficient of resistance. To do this, a carbon 
resistor of resistance is placed in series with an Iron 
resistor of resistance The proportions of iron and 
carbon are so chosen that R } + R 2 = 20 Cl for all 
temperatures near 20°C. How long are R | and R 2 °- 

8. A resistance thermometer measures temperature by the 
increase in resistance of a wire of high temperature. If the 
wire is platinum and has a resistance of 10 Q at 20°C and a 
resistance of 35 Cl in a hot furnace, what is the temperature 
of the furnace? (a for platinum is 0.0036 °C" L ) 

9. Though the drift velocity of electrons responsible for 
current in a conductor under ordinary circumstances is 
very small even then lights in a room turn on immediately 
after the switch is closed. Explain why and how? 

10. a. A steady current flows in a metallic conductor of non- 

uniform cross-section. State which of the quantities 
current, current density, electric field, and drift velocity 
remains constant? 

b. A steady current passes through a cylindrical conductor. 
Is there an electric field inside the conductor? 

11. A potential difference V is applied to copper wire of 
diameter d and length L. What is the effect on the electron 
drift speed of doubling (a) voltage V; (b) length L; and 
(c) diameter d? 

12. The current-voltage graphs for a given specimen at two 
different temperatures T { and T 2 are shown in Fig. 5.14. 
(a) is the specimen ohmic; (b) at which temperature 
resistance is greater; and (c) which temperature is higher ? 
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13. A wire has a resistance R. What will be its resistance if 
(a) it is double on itself and (b) it is stretched so that (i) its 
length is doubled (ii) its radius is halved. 

14. The current in a wire varies with time according to 
the equation / = 4 + 2r, where / is in ampere and / is in 
sec. Calculate the quantity of charge which has passed 
through a cross-section of the wire during the time / = 2 s 
to t = 6 s. 

15. The following table gives the length of three copper rods, 
their diameters, and the potential differences between their 
ends. Rank the rods according to (a) the magnitude of the 
electric field within them, (b) the current density within 
them, and (c) the drift speed of electrons through them, 
greatest first. 


Rod 

Length 

Diameter 

P.D. 

1 

L 

, 3 d 

V 

2 i. 

■. 2L . r 

d 

2 V.. 

3 

3 L . 

2d 

■IV. 


16. V-I graph for a metallic wire at two different temperatures 
7j and T 2 is as shown in the Fig. 5.15. Which of the two 
temperatures T\ and T 2 is higher and why? 



17, The voltage-current variation of two metallic wires X and 
Y at constant temperature are as shown in the Fig. 5.16. 
Assuming that the wires have the same length and the same 
diameter, explain which of the two wires will have larger 
resistivity. 



Fig. 5.16 

18. What is the drift speed of the conduction electrons in a 
copper wire with radius r = 900 pm when it has a uniform 
current / = 17 mA? Assume that each copper atom 
contributes one conduction electron to the current and the 
current density is uniform across the wire's cross section. 

19. A beam contains 2.0 x 10* doubly charged positive ions 
per cubic centimeter, all of which are moving north with a 
speed of 1.0 x 10 5 m/s. (a) What are the magnitude and 
direction of the current density J ? (b) Can you calculate 


the total current / in this ion beam? If not, what additional 
information is needed. 


20. The current density across a cylindrical conductor of 
radius R varies in magnitude according to the equation 


J = J 0 



where r is the distance from the central axis. 


Thus, .the current density is a maximum 7 0 at that axis 
(r = 0) and decreases linearly to zero at the surface (r = R). 
Calculate the current in terms of J 0 and the conductor’s 
cross-sectional area/l = nR 7 . 


21, Figure 5.17 shows a conductor of length / having a circular 
cross-section. 



The radius of cross-section varies linearly from a to b. The 
resistivity of the material is p. Assuming that b-a U find 
the resistance of the conductor. 

22. If a copper wire is stretched to make it 0.1 % longer, what is 
the percentage change in its resistance? (IIT-JEE, 1978) 

23. A copper wire having cross-sectional area of 0.5 mm 2 and 
a length of 0.1 m is initially at 25°C and is thermally 
insulated from the surrounding. If a current of 10 A is set 
up in this wire, (a) find the time in which the wire will start 
melting. The change of resistance with the temperature of 
the wire may be neglected, (b) What will this time be, 
if the length of the wire is doubled? (IIT-JEE, 1979) 


ELECTROMOTIVE FORCE AND POTENTIAL 
DIFFERENCE 

A device which can supply energy to charge carriers and thereby 
maintain their flow in a circuit is called a set of electromotive 
force (abbreviated as an e.m.f). A voltaic cell, a thermocouple, 
and a coil rotating in a magnetic field are some common 
examples of the seats of e.m.f. Thus, a seat of emf is a device in 
which energy is converted from non-electrical to electrical form 
and in which charge carriers are passed on from lower potential 
to higher potential. The e.m.f of such a device is measured by the 
rate at which theeneigy is converted from non-electrical to electrical 
form during the passage of unit charge, [f AW = energy converted 
into the electrical form when A q amount of electricity passes through 
it, then e.m.f (£) of the device is given by £ = (AWfAq) joule per 
coulomb or volt. Thus, charge carriers carrying A q amount of 
charge receive AIV= EAq joules of energy while passing through 
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a seat of e.m.f from lower (negative) potential plate to the higher ' 
(positive) potential plate (see Fig. 5.18). 


« 


(b) 


(c) 


a x : 

11 A*AAA 

i 

1 

B 

/ 1 

1 

1 r 

1 

t 

1 



E 

-WW- 




j | vWW 



oledrioficld force F t 
has the same magnitude as 
non-electrostatic fore cF„ 



Source of cmf connected to a circuit: 
dec trie-field force F e has the same 
magnitude as non-electrostatic force F„ 


Fig. 5.18 


The potential difference between any two points is defined as 
the energy given up by charge carriers carrying unit charge and 
is* therefore, equal to the work done by the charge carriers 
carrying unit charge from one point to the other. 

If A W is the energy given up by charge carriers carrying Aq 
charge then the potential difference between the ends of a current 
carrying conductor is V = {AW)!(Aq) joule per coulomb or volt. 

=> V+=e (i) 

Now let’s make a complete circuit by connecting a wire path 
resistance R to the terminals of a source [as shown in Fig. 5.18(c)]. 
The potential difference between terminals a and b sets up an 
electric field within the wire; this causes current to flow around 
the loop from a to b y from higher to lower potential. Notice that 
where the wire bends* equal amounts of positive and negative 
charge persist on the ^’inside” and “outside” of the bend. These 
charges exert the forces that cause the current to follow the bends 
in the wire. 


From V-IR (equation of relationship between voltage, current, 
and resistance), the potential difference between the ends of the 
wire in Fig. 5.18(a) is given by V ab = IR. Combining with equation 
(i), we have, 

£=V ob =lR <ii) 

That is, when a positive charge 4 flows around the circuit, the 
potential rise £as it passes through the ideal source is numerically 
equal to the potential drop V oU = IR as it passes through the 
remainder of the circuit. Once £ and R are known, this relation 
determines the current in the circuit. 

Difference Between e.m.f (£) and 
Potential Difference (!/) 

As the name suggests potential difference (p.d.) between two 
points is the difference in their potentials. Terminal p.d. of a cell, 
however, has a special meaning. It means p.d. between the 
terminals of a cell in closed circuit, i.e., when the current is 
flowing through the cell. E.m.f is the p.d. between the terminals 
of a cell jn open circuit, i.e., when no current flows through the 
cell. 


INTERNAL RESISTANCE OF A CELL 

Real sources in a circuit do not behave in exactly the way we 
have described. The potential difference across a real source in a 
circuit is not equal to the e.m.f. The reason is that charge moving 
through the material of any real source encounters resistance. We 
call this the internal resistance of the source, denoted by r. If this 
resistance behaves according to Ohm’s law, r is constant, and is 
independent of the current 7. As the current moves through r, it 
experiences an associated drop in the potential which is equal to 
7r. Thus, when a current is flowing through a source from the 
negative terminal b to the positive terminal a y the potential 
difference V ab between the terminals is V ab = e- lr< 


A ! | 

l £ < B 

/ ; a 1 

I 1 r b < 

_ ^ < 


r 

■AAMA 


r 

(a) 


l 
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A cell of emf £ always has some internal resistance r. 

If a current 7 is drawn from the cell, a potential drop 7r occurs 
inside the cell and therefore, if the potential difference between 
the terminals of the battery is V, then 

V = !r => £-Ir => V A - V B = e-Ir 

If the external resistance is,/?, then 


V = IR 


£-Ir 


7 = 


/? + r 


Variation of the potential difference in different parts of the 
circuit is shown in Fig. 5.19. 

COMBINATION OF RESISTANCES 

Resistances in Series 

If resistances are connected as shown in Fig. 5.20 such that the 
current flowing through them is the same, the resistances are said 
to be in series. 



If 7 = current flowing through the resistances then potential 
drop across each is 

Vj = 77?j, V 2 = IR v V 3 =7/?3 

-Adding, V, + V 2 + V 3 = 7(/? J + J ? 2 + /? 3 ) (i) 

but Vj + V 2 + V 3 = V, so we get from equation (i) as 
V = 7(7?, + /? 2 + /? 3 ) 

where V = Potential difference across the combinations. Also 
from Ohm's law V = 77? (ii) 

From equations (i) and (ii), we get R = R { + R 2 + 7 ? 3 where R 
is known as equivalent resistance . 

Resistances in Parallel 

If the resistances are connected between the same two points such 
that the potential drop across each resistance is same, then the 
resistances are said to be in parallel (Fig. 5.21). 


-AAV—i 

*i 

-AAV— 
-AAAA- 

*3 


, Fig. 5.21 

In this case, if V is the potential difference between the points 
A and B % then 

V = /|/?|, V = z 2 /? 2 , and V~ l 3^3 


V . V J . V 
=> J i = T~> '2=-jT> “d h=-T 

K \ K 2 

.*. total current flowing through the battery 
.... V V V 

i = q + z 2 + / 3 = + ——I- - 


/?! R 2 R 3 


i.e., 


. 1 1 1 
i= V — + — + — 

A Ri X* 


Also by Ohm’s law, / = V/R, where R is the equivalent resistance 

between A and B. So we get — = (— + —+— 

R {Ri R 2 R 3 

Voltage Divider 

In a series circuit, current through each resistor is the same (see 
Fig, 5.22). 

V = V, + V 2 + V 3 a IRi + IR 2 + 1R 3 
V 


/?, +r 2 +r 3 


VR, 


7?i + 7?2 + 7? 3 R^ + 7? 2 + 7? 3 


^3 = 


V/?, 


7 ?j + /? 2 + /? 3 




tl- 

v ' \ f * 3 


Fig. 5.22 

Current Divider for Two Resistances 


From Fig. 5.23, we have, 
7=7 j+ 7 2 

I\R\ ~ 


AAAA- 


h *2 
-*■—W\A- 


Fig, 5.23 

On solving equations (i) and (ii), we get, 


/.= 




K R i +R 2 


/; /,= 


& 


K R l +R 2 


(i) 

(>i) 
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The division of cun-ent in the branches of a parallel circuit is 
inversely proportional to their resistances. 

Current Divider for Three Resistances 


The division of current in the branches of a parallel circuit is 
inversely proportional to their resistances (see Fig. 5.24). 



*i 

AVA- 

*2 

-AVA- 


--AAAA- 




Fig. 5.24 


/ — /] +/ 2 + ly 
= ^3^3 


and 




A “ 1 L J 

^ + Ri R$ + ^3 R] 

/,=/ 


+/? 2 # 3 + R}R) 

/,= / 





/,= i 


R \^2 


R \ R % + ^2^3 + ^3^1 


It is easy to remember the expressions for/j, / 2 , and 1$. Notice 
which resistance is missing in the numerator. 


In all parts of Fig. 5.25> the resistances 7? h R 2 , and /? 3 are 
connected in parallel between two the points M and M 


rWVS 

. A. 


-VW- 

o o 

a/ a/ 


Al 



*1 

-\A<V- 

—wv- 

—vw- 

o o 

M hi 



Calculation of Effective Resistance 
Method of Successive Reduction 

It is the most common method to determine the equivalent 
resistance. This method is applicable only when we are able to 
identify resistances in series or in parallel. The method is based 
on the simplification of the circuit by successive reduction of the 
series and parallel combinations. 

To calculate the equivalent resistance between the points M 
and N , the network shown in Fig. 5.26, y may be successively 
reduced as described step by step. 



Method of Equlpotential Reduction 

This method is based on identifying the points of equal potential 
and connecting them. By doing so the electric resistance network 
reduces to an arrangement of series and parallel combinations 
that can be easily solved by the successive reduction method. 

Now the question arises how to identify the points of same 
potential? 

In this section, we will discuss the method to calculate the 
equivalent resistance and capacitance using symmetry techniques. 

There are various kind of symmetry considerations. The most 
common are: 

• parallel axis of symmetry, 

• perpendicular axis of symmetry, 

• shifted symmetry or shifted asymmetry, and 

• path symmetry. 

We will discuss each one of these in the following sections: 

Parallel Axis of Symmetry: It is along the direction of current 
flow. 

Let us discuss this concept by an example. 

In the circuit shown in Fig. 5.27 (a), even though the resistors 
l and 2 do not appear to be connected in parallel, but they can be 
treated as parallel, why? For explaining this, we have to use the 
concept of symmetry. Note that the circuit is symmetric about the 
line MN. Therefore, all characteristics such as potential and 
current should also be symmetrical. 
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Fig* 5.27 

From this, it means that current in l ( I { ) = current in 2 (/ 2 X Current 
in 3(/}) = current in 4(/ 4 ), Current in 7 (/ 7 ) = current in 8 (/ 8 ), hence 
potential difference across 1 is equal to the potential difference 
across 2. 

Note that the conditions for 1 and 2 to be in parallel are 
satisfied'. Hence we can consider them to be in parallel, however 
if one of the resistors had a different value, we cannot use this 
method. 

Perpendicular Axis of Symmetry: It is perpendicular to the 
direction of flow of current. 

Consider the circuit diagram given in Fig. 5.27 (b). The circuit has 
perpendicular axis of symmetry about XT. 

The perpendicular axis of symmetry means, that the circuit 
diagram is symmetric except for the fact that the input and output 
are reversed. That is only the flow of current will not be a mirror 
image about this particular axis. For example, in the above case, 
element l and 4 are symmetric about XY, but the current flow 
condition is not a mirror image. The current flow condition is in 
the same direction. 

This implies that current into 6 = current out of 5, current into 
1 = current out of 4, etc. 

Perpendicular axis of symmetry is a very powerful principle. 
In fact just by looking at the circuit, we can easily say that since 
the circuit has perpendicular axis of symmetry about XY, no 
current will flow in elements 7 and 8. 

Therefore, we can ignore these two elements completely, in 
some cases, we may not be able to use symmetry to simplify the 
circuit, but we can find out some of the characteristics of current 


/potential based on symmetry. We should always look out for 
these characteristics and use them as much as possible. 

BIIMMMU In the network shown in Fig, 5.28 find the 
equivalent resistance across the points M and M\ 



Sol. 

i. The axis MM* is the parallel axis of symmetry, and the axis 
NN* is the perpendicular axis of symmetry. 

N 



ii. Points lying on the perpendicular axis of symmetry may 
have same potential. In the given network, points 2, 0, and 4 
are at the same potential. 

iii. Points lying on the parallel axis of symmetry can never have 
the same potential. 

iv. The network can be folded about the parallel axis of 
symmetry, and the overlapping nodes have same potential. 

Thus, as shown in Fig. 5.29, the following points have same 
potential, (5 and 6), (2, 0,4), (7 and 8). 

After folding the network about the axis AA' the circuit may 
be simplified by using the method of successive reduction 
(Fig. 5.30). 

© 



(i Contd .) 
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X 



(b) 

Fig. 5.31 


Consider the following situation: 

In this case, the system has a perpendicular axis of symmetry 
about MN , therefore we can say that current in 1 must be equal 
to the current out of 4. 

In Fig. 5.31 (b) if we interchange the positions of 3 and 4 the 
diagram still has perpendicular axis of symmetry of xy, but the 
positions have been interchanged. Now we can say that the 
current in 1 - current in 4. 


3 A/4 3 A/4 



if) 


© 


6A/7 

wv- 

. ( 8 ) 


© 


Path Symmetry 

Path symmetry is also very powerful method that one can use. In 
case of path symmetry: 'If all paths from one point tor another 
point have the same configuration of resistance or capacitance , 
then the charge or current into the beginning of the path must be 
the same *\ 


Illustration 5.16 


Consider a more complex example where 
you have resistors on all edges of a cube. The resistors are all 
the same. Then find the equivalent resistance between the 
edges A and B as shown in Fig. 5.32. 


Fig. 5.30 

i 

Shifted Symmetry 

Shifted symmetry is the same as the parallel axis of symmetry and 
the perpendicular axis of symmetry principles, except that the 
symmetry is shifted. [Figs. 5.31(a) and(b)] 


X 



(a) 



Sol. Let us number the comers as 1, 2,3, ■ ■ ■ and so on as shown 
in Fig. 5.33. 

a(\ - 8-7-6), 6(l-2-7-6) # c(l -8-5-6),d(l -2- 
3-6), e(\ -4-5-6), f0 -4-3-6) 

Now for each of these paths we have identical resistances. Let 
the current entering at point A be L The current will be distributed 
equally among all the three parts. Therefore, we can say that 
current is 


Fig. 5.31 


hi ~ h* -hs - 
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Fig. 5.33 

Now look at all paths from 2 to 6. We have the following paths 
g(2 -1-6) and h(2 -3-6), 

Since they also have the same resistances, we can assume that 
current in 2—3 and current in 2—7 must be same; Therefore 



Similarly we can say that / 43 = / 45 = / g5 = / 87 = 7/6 



Fig. 5.34 

Therefore to calculate the potential difference across 1—6 (see 
Fig. 5.34) the path A n 76 we have 


-R- 


:R = V A =*V t -Vt=I 


R R R 
3 6 3 


-!« 


7 6 

Therefore equivalent resistance is - R . 

6 


Illustration 5.17 


In the given circuits [Figs. 535 (a) and (b)] 1 
and 2 calculate the resistance between the points MM'. 




Sol. 

1. When a circuit is symmetrical about a line ac (by symmetry 
we mean that the two parts are mirror images of each others)* 
then the potential and current must also be symmetrical 
[see Fig, 5.36 (a)]. Therefore, current in ab and ad is same. 
Current in dc and be is also same. Potentials of the points 
b % e t and d are same. The equivalent circuit is redrawn, the 
equivalent resistance is 273 R. Note that there is no current in 
branches be and ed . 



i 

(a) 


R 

—sAAA r 


A 

o~ 


R 

-vVVV 


R 

—MAr 


e 

f 


R 

vwv— 


vWv— 

R 

WVv— 


B 

O 


(b) 

Fig. 5.36 

Another symmetry is visible along the line bd. The current 
flow is not a mirror image in branches ab and be because the 
■ flow is in the same direction. This is called asymmetric 
condition. The special thing about this asymmetry is that 
current incoming at b is equal to outgoing current, similar 
situation exists at b and d also. Thus resistors in branches be 
and de are ineffective. 

2. In Fig. 5.37 there is asymmetry along line xy. The current 
reaching O (i 2 ) is equal to the outgoing current that means 
there is no mingling.of current from upper branch and lower 
branch into the middle branch. 



Fig. 5.35 (a) 


(Contd .) 
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Fig. 5.37 

The resulting circuit is simple enough, the equivalent 
resistance is 4RIS. 


Illustration 5.18 


In the Fig. 5.38 (a), the resistances are 


connected as shown. Determine the equivalent resistance 
between points A andZ). 



20 



Sol. Points B and C, and E and F are at the same potential, so the 
circuit can be redrawn as shown in figure. Thus, the equivalent 
resistance is lfl There exists parallel axis of symmetry. The points 
across the parallel axis of symmetry can be treated as 
equipotenital points, 


KIRCH HOFF'S LAW: KIRCH HOFF'S LAWS 
FOR ELECTRICAL NETWORKS 

As indicated in the preceding section, some simple circuits can be 
analyzed using AV = IR and the rules for series and parallel 
combinations of resistors. Resistors, however, can be connected 
so that the circuits formed cannot be reduced to a single 
equivalent resistor. Consider the circuit in Fig. 5.39, for example. If 
either battery were removed from this circuit, the resistors could be 


combined with the simple, either series or parallel, combination. 
With both the batteries present, however, that cannot be done. 

14.0 V 



Fig. 5.39 

The procedure for analyzing such circuits is greatly simplified 
by the use of two simple rules called Kirchhoffs rules: 

• At any junction, the sum of the currents must be equal to zero: 

I =0 

junction 

This rule is often referred to as thejunction rule. In Fig. 5.39 
there are junctions at b and c. 

• The sum of the potential differences across each element 
around any closed circuit loop must be zero: 

X=o 

loop 

This rule is usually called the loop rule. In Fig. 5.39 we can 
identify three loops: abeda, aefda, and befeb. 

Kirchnoff s rules are generally used to determine the current in 
each element in the circuit. By using these rules, we first draw the 
circuit diagram and assume a direction for the current in each 
device of the circuit. We draw an arrow representing that direction 
next to the device and assign a symbol to each independent 
current, such as 7, , 7 2 » and so on. Figure 5.39 shows the three 
different currents that exist in this circuit. Keep in mind that 
currents in devices connected in series are the same, so the 
currents in these devices wilf have the same assigned symbol. 

Thejunction rule is a statement of conservation of charge. The 
amount of charge that enters a given point in a circuit in a time 
interval must also leave that point in the same time interval 
because the charge cannot build up or disappear at a point. 
Current with a direction into the junction is entered into the. 
junction rule as + 7, whereas current with a direction out of a 
junction is entered as - 7. If we apply the rule to thejunction. We 
have /| -/ 3 - 0. 

The loop rule is equivalent to the law of conservation of 
energy, suppose a charge moves around any closed loop in a 
circuit (the charge starts and ends at the same point). In this case, 
the circuit must gain as much energy as it loses. In this isolated 
system model for the system of the circuit, no energy is 
transferred across the boundary of the system (ignoring energy 
transfer by radiation and heat into the air from warm circuit 
elements), but energy transformations do occur within the 
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system. The energy of the circuit may decrease due to a potential 
drop - IR as a charge moves through a resistor or as a result of 
having the charge move in the reverse direction through an emf. 
In the latter case, electric potential energy is converted to 
chemical energy as the battery is charged, the potential energy 
increases when the charge moves through a battery in the same 
direction as the emf. 

Some useful conventions to be followed In circuit analysis 

While discharging, current is drawn from the battery, the 
current comes out from positive terminal and enters negative 
terminal. 

A --■-|h-<-• B A •- * -1|-►-*5 

Discharging Battery Charging a Battery 


Fig. 5.40 

While charging of battery current is forced from positive 
terminal of the battery to negative terminal. 


/ 

vwv 

R 


l 

■vwv- 

R 


If we traverse a resistor in 
the direction of current, the 
change in potential is-lR. 

y*-yji= L i* 


Fig. 



High Low 

potential potential 


If wc traverse a resistor in 
the direction opposite to the 
direction of current, the change 
in potential is + IR. 

Ya-Vb = +JR 

5.41 


+ 



A B 


Fig. 5.42 

If a capacitor is traversed from negative plate to positive plate, 
the charge in potential is + QIC . 


Illustration 5.19 


Calculate the current through each 


resistance in the given circuit (see Fig. 5.43). Also calculate 
the potential difference between the points a and b . 


£, = 6V, J2 2 =8V, E 3 =10V, 

R r = SQ 9 R 2 = ioa, R Z =4Q. 

Assume that all the cells have no internal resistance. 


-v/VW- 


+ 




*2 

vwv- 


+ 

“ A 


Fig. 5.43 


Sol. The process of solving a circuit involves three steps: 

i. Assume unknowns (jc, y, - ■) for currents in different branches 
of the circuit. Use the Kirchhoff s current law at the junctions 
so that the number of unknowns introduced is minimum. 

Let x be the current through R ] and y be the current through 
/? 3 as shown in Fig. 5.44. Kirchhoff*s current law at the 
. junction a gives a current (x - y) through R v 

_ A *i * flX-y 


% 


. b 

Fig. 5.44 

ii. Select as many loops as the number of unknowns introduced 
for currents. Apply Kirchhoffs voltage law through every 
loop. 

Going anticlockwise through the loop containing /?, and R 3 
(starting from junction a) 

+ x /?j - + y /?3 + £3 = 0 

=> 5* + 4y = - 4 (I) 



*1 


-MV 


+ £ 


U 


x-y 

VWV— 


> ^ 


+ 

~ El 


Fig. 5.45 


Going clockwise through the loop containing R 2 and R 3 
(starting from junction a) + 

-E 2 -5x-ly=\ yR 2 + E 2 +(x + y)R 2 =G (2) 


(i) Solve equations ( 1 ) and (2) some currents may come out to 
be negative. This simply means that their directions was 
incorrectly assumed. So the signs of the currents will give us' 
the correct direction of each current. 

Solving ( 1 ) and (2), we get 


-24 A 
x = -A 

55 

+1 A 

x-y- —A 
* 55 


and 



The signs indicate that the direction of x and y was assumed 
incorrectly while the direction of (jc - y) was correct. 


The current i (through /?,)-— A towards left 
The current(through R 2 ) - “ A towards right 

5 

The current i (through R 3 ) = — A towards right 
The current directions are shown in the circuit diagram 
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Fig. 5.46. 


* 

-AA/V 


+ 



ww— 


+ 

“ Et 


Fig. 5.46 

ill. Potential difference between a and b 
The p.d. between any two points in a circuit so. calculated by 
adding changes in potential while going through any path from 
one point to the other point. 

Hence let us go from b to a through R 3 . 

V a -V b = +jrf 3 +£j=^)x4 + 10=”v 


Illustration 5.20 


Find the current in the branch CD in the 
circuit given in Fig. 5.47. 


B 



Sol. Current in AE = current in BP = i 2> current in AP = i 3 

a the current in CD = 4 + *3 (using KirchofFs junction law). 


Illustration 5.21 


In the circuit shown in Fig. 5.48, find the 
current through the branch BD. 

6fi fi ' 30 

A -vA/W—t-AAA/- C , , 


15 V T±T 


!3n 


iraov 


D 

Fig. 5.48 


Sol. To find out the current in a particular branch in a circuit where 
resistances and voltages are given, lower loop rule is applicable. 
In order to Find out the solution, the given circuit is directed into 
parts or close loops which are analysed using Kirchhoff's second 
law and corresponding sign conventions. 

Assume the currents in the circuit as shown in the Fig. 5.48. 
Applying KVL along the loop ABDA and moving in clockwise 
direction 

-6A-34+ 15 = 0 => 2I { + I 2 r 5 (i) 

While moving in the direction of current corresponding //?, 
products are taken as negative and if the negative terminal of the 
battery comes first then emf is taken as + ve (Fig. 5.49). 


A - \AAAr 


6Cl LB 3n I\-h 


15V -Z= 


-vwv —C 


\1C1 

h 


n- 30V 


h & 

Fig. 5.49 

Applying KVL along the loop BCDB , we get 
-3(/i+/ 2)-30 +3/i=0 

=> -7 1 + 2F 2 = 10 (ii) 

Solving equations (i) and (ii) for / 2 > we get / 2 = 5 A 

In the circuit shown In Fig. 5.50, determine 
the voltage drop between A and D. 



60 


Sol. We need to divide this circuit into three parts. We have left 
loop, right loop, and the central part. To Find out voltage drop 
between points A and D we have to apply Kirchhoff ^second law 
to these circuits one by one. 

Also let us assume that current 4 flows in the left circuit in the 
clockwise direction and current / 2 flows in the right circuit in the 
anticlockwise direction. 

Direction of both the currents is decided by the battery present 
in the circuit as current flows from positive to negative. 



Applying KirchofFs second law to left loop, 

-2/ l -3/ 1 + 10 = 0 => -5/ t =- 10 => /] -2A 
Now applying KirchofFs second law to right loop, 

44 + 6/ 2 - 20 = 0 ■=> 10/ 2 = 20 4 = 2 A 

Applying between the points A and D, 

Vx - 3 4 + 4 - 4 / 2 . =► = V 0 = 37, +44-4 

Putting values of 4 and 4 in the above expression 
V A - V D =3.2 + 4.2-4 = 6 + 8-4= 1°V 


Illustration 5.23 


Fig. 5.52(a). 


Find the current through 12 £> resistor ii 
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(1) -3/t- 67, +4.5 = 0or/+2/[ = 1.5 

(2) 10(/-/ 1 )+3-6/,=0 

or 10/-10/[=-3 

Solving equations (i) and (il) we get 


/= 2 A 

and /-/ l= i4«° 


0) 

(ii) 


Sol. Let V be the potential at P then applying KCL at junction P. 

, , , . 15-V V-2 V-3 V —4 

/_/ [+ / 2 + / 3 =*—= B + 4 + g 

15 - V= 2(V-2)+3 ( V- 3) + 1 5(V-4)7,5 V= 39 

„ 39 . . 15-5.2 4.9 A 

or V= — = 5.2 V and / = —=— = — A 

7.5 12 6 


2 V 



Fig. 5.52(b) 


Illustration 5* 24 


Find the current in each part of the circuit. 
Sola Apply loop law in Fig. 5.53 (b). 


ion 


3 V 


—w—u 


3Q 

VWV 


6a 

-ww 


4.5 V 


(a) 



Fig. 5.53 


WHEATSTONE BRIDGE: BALANCED 
WHEATSTONE BRIDGE 

Wheatstone bridge is also known as a metre bridge or slide wire 
bridge. 

if 4 resistances P, Q , R , and 5 are joined as shown in Fig. 5.54, 
both the keys (Ky and are on and no current flows.through the 
galvanometer (i.e., I g = 0),.then the combination ofresistances is 
called a balanced Wheatstone bridge. Then 

P = R 
Q S 


B 



If, say, S is an unknown resistance, then S - R x ^ 

Now if we are given R t P, and Q 

Q < 

or R and ratio — then we can calculate the value of 5 easily. 

Proof: Applying Loop Rule to loop ABDA (moving in 
clockwise direction). 

-I { P + (!-I } )R = 0 {v/,*0} 

or IyP = (I-ly)R . (i) 

Applying loop rule to loop B'CDB 

-/,G + (/-/itf= 0 

or lyQ = (I-I ] )S (ii) 


Dividing equation (i) by (ii), we get 


P_ 

Q 


R 

S 


The balanced Wheatstone bridge method is an accurate 
method because: 
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i. We do not have to read out deflection but we only have to 
see that needle remains at dead zero. 

U. It is not affected by internal resistance of cells, resistances of 
galvanometers, etc. 

This is the principle used in the metre bridge or in the slide- 
wire bridge. . 

Other circuits which can form Wheatstone bridge are: 



p 





Fig, 5.55 

All (he four circuits, (a), (b), (c),'apd (d) represent a Wheat: 
stone bridge network. 

COMBINATION OF CELLS 

Series Grouping 

Suppose n celltf each of emf E and internal resistance r are 
connected in scries as shown in Fig. 5.56. Then 
Net emf = Tbtal resistance = nr + R 

. net e.m.f , nE 

a current in the circuit / =-or t =- 

total resistance nr + R 

E E E 

—*-j K/Wv—| fvwv—| Kvw-— 

/ 

R 

—* -VVVv-'- 

Fig, 5J56 


If the same current passes through every resistor in a given 
branch, irrespective of the presence of sources in that 
branch, the resistors axe in series even though they are not 
directly connected to each other. Same is true about 
capacitors. 


wwt_| h^wv-Vlhr- 

A «| y t K 7 R j J/j 


;*4 


(a) 


-J- 

AO VW^—- OB 

R\ + Ri + R)+ R4 


(b> 

Fig. 5.57 


Parallel Grouping 

Case 1: If E and r of each cell are different but still the positivi 
terminals of all cells are connected at one junction while negativ* 
terminals at the other. 



Applying KirchhofTs second law in loop ABCDEFA , 

^ _ iR E^ 

- iR = 0 or t y =-+ — 


Similarly, we can write, 


.R Ei 

i 2 = -1 — + — 


Oi 


Adding all above equations, we have, 
«| + <1 + • • • + o = 


£ 


r ** 

ww 


Note: 

If polarity of m cells is reversed, then equivalent 
e.mj-(n - 2m)E. While totairesistance'is stiUnr + R 

,(«r-.2m)£ ,',, v . < 

nr+R ' 


vwv 

R 


Fig. 5.59 
h + h + '' ‘ + l n = { 



But 
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l = 


where, E £q = 




From the above the expression, we can see that, i --— if 

R + rjn 

n cell of same emf E and internal resistance r are connected in 
parallel. This is because, 





n 

r 


nE/r _ E 
1 + nR/r R + r/n 


We can also write 


( ^/r J )-(E 2 /r 2 ) + (E 3 /r 3 ) 
i j i i p 
U H h) 


Mixed Grouping 


The situation is shown in Fig 5.60. 


-1 hA/W-| KwH K/VW— 

-1 K/WvH IWWH \sAAAf — 

-1 hvVWH KMAH hWvA/- 

—-VWV---- 

Fig. 5.60 


There are n identical cells in'a row and number of rows are m. 
E.m.f of each cell is E and internal resistance's r. Treating each 
row as a single cell of e.m.f nE and internal resistance nr , we have 


Net e.m.f = nE , Total internal resistance = — 

m 

Total external resistance = R 

current through the external resistance R is, 
nE 

m 

This expression after some rearrangement can also be written 


as, 


. _ mnE 

(\finR -^fnr) 2 + 2 \]mnrR k , 

From this expression we see that i is maximum when, 

__ ._ nr 

-JmR - 4nR orR= — 
m 

or total external resistance = total internal resistance. 




vWV 


WW 

R 


Fig. 5.61 


Thus, we can say that the current and hence the power 
transferred to the load is maximum when the load resistance is 
equal to internal resistance. This is known as maximum power 
transfer theorem . 

kumraircnrarei 12 cells each having the same emf are 
connected in series and are kept in a closed box. Some of the 
cells are wrongly connected. This battery is connected in 
series with an ammeter and two cells identical with the 
others. The current is 3 A when the cells and the battery aid 
each other and 2 A when the cells and battery oppose each 
other. How many cells in the battery are wrongly connected? 


Sol. Let n be the cells in the battery that are wrongly connected, 
then 

E b = (12- n)E-nE = (12- 2n) E and 


-^ | Battciy | - 



+ 


(a) 



Fig. 5.62 


So according to the given problem as shown in Figs. 5.62 (a) 
and (b), 

(12 -2n) E + 2E 


and 


12r + 2r 
(\2~2n)E -2E 
1 12r + 2r 


■ = 3 


= 2 


(i) 

(ii) 


Dividing equation (i) by equation (ii), — ^ i.e„ n = 1 

10 — 2n 2 

This means that in the battery only one cell is wrongly 
connected. 


SUPERPOSITION PRINCIPLE 
Concepts 


Whenever a circuit has more than one cell or battery. The 
superposition principle may be used to find current and voltages. 
This principle is based on the fact that every cell or battery acts 
independently of the presence of others. 
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According lo this principle, the total current 7 in the circuit 
equals the algebraic sum of currents (7 l# 7 2 , 7J produced by 
each source (cell or battery), taken one at a time. 

Mathematically, 

/=/,+4+ 

The superposition splits the original two source problem into 
two one source problems. Instead of solving a difficult two source 
problem, we can solve two simple problems. 

Determine the current 7 in the 2 Cl resistor 


1 V 






1\*0 


+ ~=F 



6 V 
6 V 


i + j i 7 

j 

1+ 

c 


/)-2A < 


I 

L. 


-2A 


Fig. 5.63 
6 4 

7 = ^ / 2 == “ + 7 = 3 + 2s 5A 
2 2 

Find the value of 7 in the circuit shown in Fig. 5.64. 

60 )Q 60. )Q 


7j “0 

Fig. 5.66 

Conditions for the Applicability of Principal of Super* 
position: 

Whenever a cell or a battery is present In a branch there must 
be some resistance (internal or external or both) present in that 
branch in order to apply the superposition principle. 

In practical situations it always happen because we can never 
have an ideal cell or a battery with zero resistance. 

In this case the current flowing through the 2 O. resistor is 1 A, 



-VS/VyvAA/- 


-WSr-rAA r~ 

since voltage drop across it is 2V (correct). 

JS V " 

llll 

30 V 15 V 

111 


Concept Application Exercise 5.2 



<r jii 

Fig. 5.64 

7, = 1 A, 7 2 = 4A => 7 = / 1 +7 2 =l+ 4 = 5A 
The situation where superposition principle is not valid: 
In the circuit shown in Fig. 5.65, find the current 7'flowing 
through the 2 Cl resistor. 


2 V -zp 


► 2Q 


t^2V 


Fig. 5.65 


1. Calculate the value of the electric currents 7 lf 7 2 . and 7j in 
the given electrical network. 

a. 7, = — 

b. h= — 

C. Iy =- 

d. j. - 1 - h 


3 a 

S2U 

5ft 

” 6 V 


12 V 


Fig. 5.67 

2. Determine the voltage drop across the resistor R } in the 
. circuit given below with E = 65 V, 7?j = 50 £2, R 2 = 100 D, 
R 3 = 100 D, and 7? 4 = 300fi. 


Many students come out with an answer I = 2 A with a wrong 
reason. 

Each battery contributes a current of 1 A, as there are two 
batteries so the total current in the 2 D resistor is 2 A. 

The circuit may be split up into two parts as shown in 
Fig. 5.66. 

With each battery the carrent in the 2 Cl resistor is zero. 
It happens so because when we remove one battery from a 
branch, then that particular branch gets short circuited, as there is 
no other resistance present in that branch. 

Note that in such a situation the principle of superposition is 
not applicable. 



Fig. 5.68 

3. A20 V battery of internal resistance 1 Q is connected to 
three coils of 12 Q, 6 Q, and 4 Cl in parallel* a resistor of 
5 Cl and a reversed battery (e.mi - 8 V and internal 
resistance 2 Cl) as shown in Fig. 5.69. 
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2ov, i a 

Hh —H|- 



$V,2Q 

M--M — 

Fig. 5.69 


Calculate 

a. the current in the circuit, 

b. current in resistor of 12 Cl coil and 

c. p.d. across each battery. 

4. Potential difference across terminals of a cell were 
measured (in volts) against different currents (in ampere) 
flowing through the cell. A graph was drawn which was a 
straight line ABC. Using the data given in the graph 
(see Fig. 5.70), determine 



a. the e.m.f, and 

b. the internal resistance of the cell. 

5. Find the current in each resistor in the circuit as shown in 
Fig. 5.71. 



Fig. 5.71 

6. The given Wheatstone bridge is showing no deflection in 
the galvanometer joined between the points B and D shown 
in Fig. 5.72. Calculate the value of R. 



7. When 10 identical cells in series are connected to the ends 
of a resistance of 59 Cl, the current is found to be 0.25 A. 
But when the same cells being connected in parallel, are 
joined to the ends of a resistance of 0.05 Cl, the current 
is 25 A. Calculate the internal resistance and the e.m.f of 
each cell. 

8. Find the minimum number of cells required to produce a 
current of 1.5 A through a resistance of 30 Q. Given that 
the e.m.f of each cell is 1.5 V and the internal resistance 
is 1 Cl. 

9. The current in a simple series circuit is 5 A. When an 
additional resistance of 2 Cl is introduced, the current is 
reduced to 4 A. Calculate the resistance of the original 
circuit. Assume that the applied potential difference is the 
same in both the cases. 

10. Calculate the resistance between the terminals A and B of 
the network shown in Fig. 5.73. 


2 



Fig. 5.73 

11. In the circuit diagram given below (Fig. 5.74), the cells 
and Ei have e.m.f.'s of 4 V and 8 V and internal resistances 
■ 0.5 Cl and 1.0 Cl, respectively. Calculate the current through 
6 Cl resistance. 



Fig, 5.74 

12. Determine the currents I 2 , and / 3 for the network shown 
below (Fig. 5.75). 

,24 V 2 

-11-AA/V— 


/, 

h 



4 

WW 


6 

vWV— 


Fig, 5.75 


a. 


b. 1% -—, 

C. / 3 = — 

13. Find the current supplied by the source in Fig. 5.76. The 
resistors are mounted around a cylindrical form. 
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Front 

wire 


14 V 



Back 

wire 


Fig. 5.76 

14. A parallel combination of an 8 Cl resistor and an unknown 
resistor R is connected in series with a 16 Q resistor and a 
battery- This circuit is then disassembled and the three 
resistors are then connected in series with each other and 
the same battery. In both arrangements, the current through 
the 8 Cl resistor is the same. What is the unknown resistance 
R7 

15. For the resistor network shown in Fig. 5.77, the potential 
drop between a and b is 12 V. Find the current through 
each resistor 


40 



Fig. 5.77 

a. Current through resistance of 6 Q is __. 

h Current through resistance of 2 D is_ 

c. Current through resistance of 8 Q is_ 

16. For the circuit in Fig. 5.78, find the potential difference 
between points a and b. 



Fig. 5.78 

17. Find the current in each resistor of the circuit shown in 
Fig. 5.79. 


18.0 V 8,0 V 



Fig. 5.79 


a. Current through resistance of 6 Q is_ 

h Current through resistance of 3 Q. is 

c. Current through resistance of 2 O is __ 

d. Current through resistance of 5 H is_ 

18. Given that 5.0 A passes along the branch from C to B in 
Fig. 5.80. What is the voltage of points A, Z), E y F, and G ? 



Fig. 5.80 


a. V A — — b. V D — — c. VQ — —■* 

19. In the circuit shown in Fig. 5.81 switch S is closed at time 
/ = 0 . 



a. What is the current 7 0 leaving ihe battery at / = 0, 
immediately after the switch is closed ? 

b. What is the current / a “long time” later? 

c. What charge has accumulated on the capacitor after this 
long time ? 

d. If, finally, switch S is opened again, how long will it 
take after the switch is opened for the capacitor to lose 
80% of its charge ? 

20. In an experiment, a graph (Fig. 5.82) was plotted of the 
potential difference ^ between the terminals of a cell again 
circuit current / by varying load rheostat. Find the internal 
conductance of the cell. 
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21. Each resistance in the circuit (Fig. 5.83) is of 2,000 Cl. 

A 


nx 


; 

nr 

T~1 

» *■; 

TTT1 

*1 

l; 

□ 

i.l 

LI 

T 1 


Pig. 5.83 

The combination is put across a supply of 200 V. Find the 
reading of ammeter. 

22. Consider the circuits shown in the Fig. 5.84. Both the circuits 
are taking same current from battery but current through R 

in the second circuit is — th of current through R in the 
10 6 

first circuit. If R is 11 Q, then find the value of and R 2 . 

i 

' a 10 

dr E : Rj l g R 




00 (b) 

Fig. 5.84 

23. Calculate the current through the resistance connected 
across MN and the current supplied by each of the battery 
in the circuit diagram shown in Fig. 5.85. 

20 V 



24. A hemispherical network of radius a is made by UvSing a 
conducting wire of resistance per unit length r. Find the 
equivalent resistance across OP. 



25. A battery of e.m.f 2 V and internal resistance0.1 Cl is being 
charged with a current of 5 A. In what direction will the 
current flow inside the .battei'y? What is the potential 
difference between the two terminals of the battery? 

(irr-jEE, 1980) 


26. How a battery is to be connected so that the shown 
rheostat will behave like a potential divide? 


•-VW\/-* 

'ARB 

Fig. 5.87 

Also indicate the points about which output can be taken. 

(IIT-JEE, 2003) 


CHARGING 


Let us assume that the capacitor in the network shown in the 
Fig. 5.88 is uncharged for / < 0. The switch is connected to 
position l at / = 0. Now, C is getting charged. 

If the charge on capacitor at time t is q . 


i ■ 


- i 

1 5 

2 < 

/ 


- VWv -.— 


R 


Fig. 5.88 


Writing the loop rule, 


-L + IR-E^ 0 


£- 3 - 

dt c 


dq 

RC-^EC-q 

dt 


dq 


dt_ 

EC-q RC 
Integrating, 




l_i 

RC 


=4> In 


EC-q 

EC 


-i 

~RC 


q = EC[\-e~" K ] 


At / = 0, q = 0 

and at / = q = E C (maximum charge) 



Fig. SA9 
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Thus, 


9 ~~ #max 


1 — e RC 


I _ _ ?max — —g~ f ‘ 

dt RC R 


' = W t,RC where i max =- 


Time Constant (t) 


It is the time during which the charge would have been completed, 
had the growth rate been as it began initially. Numerically it is 
equal to RC. 



Fig. 5,90 


Discharging 


Consider the same arrangement as we had in previous case with 
one difference that the capacitor has charge q Q for t < 0 and the 
switch is connected to position 2 at ( = 0. If the charge on 
capacitor is q after the switch is flipped to 2 

£-« = <)(/.-■& 

C l, dt 

_ -<? 

=> R — = —— 

C 

dq -1 

=» — = - dt 

q RC 


Integrating, at / = 0, q = q 0 t = t,q-q 

^ ln 

J q RC J 

4o % „ 

or q~q 0 xe~ l /RC 


i 

RC 


is *L e -'*c 

RC 


i = £C e -"»c 
RC 


-URC 


i = i 0 a 

What is the dimensional formula of RC. 


Sol. [T] 

The quantity RC has the same unit as time and is called time 
constant and represented by the symbol t (Fig. 5.91). 

Analysis of RC-Circuits at the initial and the infinite time . 

The current in the circuit just after closing the switch, i.e., / - 0 

£ -tine £ -o . £ 



-■—VW\r«-II- 


-WA— —« 1 


A B 


c 




■ k 

■ tine 

1. 


ll 


Fig. 5.91 

The capacitor in the circuit is acting as if a conducting wire is 
connected in place of the capacitor. 

Hence, a capacitor acts as a conducting wire (or short circuit) 
just after the closing of the switch. 

R 

-VWH „ *- 


Fin- 5.92 


At 


r=8 


/= i e -"^ = i e ~ 


4 = 0 


R R 

After long time (/ = 8), no current is flowing through the 
circuit. The capacitor is acting as the circuit is broken from this 
position. 

Hence, after long time the capacitor acts as open circuit or a 
resistance of infinite value. 

Potential difference across resistance is function of time . 


^ab~ IR ^ab “ r^ e RC 


/ 


Vas= £e kC 


At 

At 


t = 0> V AB = ee-\V AB = £ 
r=8, ^ = *-,^ = 0 



Discharging of a charged capacitor (Fig. 5.94) 
q = q 0 e 


/= 

dt 


T - -tl RC 

I - - e 

RC 


, (ft/C) -URC 

I =- e 

R 
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At 


'= 0 . = 


(VQ 




-HI-’ 


rl 1- !-< 




-WAA- 


-m- 


Fig. 5.94 

At / = 0 the capacitor is acting as a battery of e.m.f = <? 0 /C. As 
the time passes the charge on the capacitor keeps on decreasing. 
The potential difference across the capacitor keeps on decreasing, 
hence the capacitor acts as a battery of decreasing e.m.f. 

Hence, when a charged capacitor is connected with resistance, 
the charge capacitor acts as a battery of decreasing e.m.f. 

At t = 8 


!= *L e -»K=*L e - 
RC RC 


U = 0 


Charging of the Capacitor—Other Approach 

Applying KirchhofTs loop equation in the given circuit (Fig. 5.95) 


— L -lR + e =0 
C 

C R 
-HI-VWV— 


(i) 


+9 


Q 

,_ XL 


-1<- 

6 

Fig. S.95 

Differentiating equation (i) with respect to-time on both the 
sides 


1 dq 


di 


dl 


- - - R —k0 = 0 => —/-/? — = 0 


C dt dt 

dl 1 , 

=> — --— dt 

/ RC 

Integrating both sides 

r i dl l 


dt 


\ — -f 'dt 

J'a 1 RC } 0 


In — = — 

11 /„ ~ RC 


[in/]! = -—[,]' 
RC 1 J0 


/= he 


i? 

-AAAAr 


Fig. 5.96 


At t = 0, the uncharged capacitor injhtf circuit with a battery 
acts as a conducting wire 

- '»=§ 


Hence /= - e" IHC 


IWIBBUMiUHJ Consider the circuit shown in Fig. 5,97. 
Find out the steady state current in the 4 Q resistor. Assume 
the interna] resistance of the 8 V battery to be negligible. 

4/3 0 



Sol. The equivalent resistance between points A and B 

— = 2 + I = i 


K P =] Q 

In the steady state, the current will not pass through 0.5 pF 
capacitor as it offers infinite resistance to steady state current or 
direct current. 

So the total resistance offered by the circuit = 1 + 3 = 4 Cl 

g 

the current from the battery / = — = 2 A Hence potential 

4 

difference between points A and B-lxRP- 2 V 

2 

Therefore, the current through 4 £2 resistor — = 0.5 A . 


Find out the potential difference between the 


points jc and y in Fig. 5.98. 


24 V 

-Hl- 


2 n 

-WW 


4/3 pF ^ 4 JjlF 


Hl- 


—VW\/— 

4 n y 6n 

Fig. 5.98 


Sol. Given E= 24 V, R = 2 Cl, R, = 4 Q, R 2 - 6 fi, C, = - pF, 
C 2 = 4pF. 
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As the capacitor offers a very high resistance to the current in 
the steady state, so the current is prevented to pass through the 
capacitors. 

Now, the total resistance in the circuit 

R eti = /? + /? j + R 2 = 2 + 4 + 6= 12£2 

E 24 

Hence the net current in the circuit --= — = 2 A 

R ril 12 

Therefore, the terminal potential difference across 
AS = 24 - 2 x 2 = 20 V '■ 


Note;- , 

As the capacitors and ■ resistances are in parallel, 
so the potential difference of 20 V is available to both 
the capacitors and the resistors. 


Let's first of all discuss about resistors. Resistances are in the 
ratio 2 : 3. So the potential across them will also bear the same 


ratio. Potential across y A = 20x- = 8 V, Similarly the potential 


difference across y» = 20x - = 12 V 
* 5 

In the same manner, capacitors bear the ratio 1 ; 3 of their 
capacitances. Hence accordingly potential difference across 


4 I 

Ay = — pF capacitor = 20 x - = 5 V 

Similarly the potential difference across By , he., 4 |iF 


capacitor =20x- = l5V 


the potential difference between the points x and 
y =15 - 12 = 3V or 8 - 5 = 3 V. 

(Subtract the potential difference with a common reference 
point.) 


Consider the circuit shown in Fig. 5.99 
where a battery of emf 4 V and a capacitor of capacitance 
1 pF is connected to a combination of resistances. Find out 
the steady state current in the circuit. 


2£) 



Sol. Let us consider / to be the steady stale current through the 
circuit. 

\ In the steady stale current I is constant in the circuit and the 
capacitor offers-infinite resistance. So the resistance 10 Q. 
becomes ineffective in the circuit. So in this case, the equivalent 
resistance of resistors 2 il and 4 Q. are connected in parallel. 



I+A 

2 4 


■ 3 

' 4 



4 2 6 

/. the total resistance of the circuit = — + — = — = 2£2 

3 3 3 


Hence the steady slate current in the circuit = - = 2 A. 


^ resistor with resistance 10 M Cl is 
connected in series with a capacitor with capacitance 1.0 pF 
and a battery with emf 12.0 V, as in Fig. 5.100. Before the 
switch is closed at tithe t = 0, the capacitor is uncharged. 

a. What is the time constant? 

b. What fraction of the final charge is on the plates at time 
= 46 s? 

c. What fraction of the initial remains at t - 46 s? 

Sol. 

a. The time constant is 

1=RC = (10- 106 W) (1.0'10-’F)= [0 s 

b. The fraction/the final capacitor charge is q/Qp 

q _ i _ e " !lRC = i_0-< 46if V(ioo _o99 
2/ ' 

The capacitor is 99 percent charged after a time equal to 
4.6 RC , or 4.6 time constants. 

c. ~ = e - A - 6 = 0.010 

After 4.6 time constants, the current has decreased to 
1.0 percent of Us initial value. 

C _ R 

i—±- ii— ww—| 

<7o 

I-^- 


Fig. 5.100 

The resistor and the capacitor described 
in previous example are reconnected as shown in Fig. 5.101. 
The capacitor is originally given a charge of 5.0 pC, then dis¬ 
charged by closing the switch at t = 0. 

a. At what time will the charge be equal to 0.50 pC? 

b. What is the current at this time? * 

Sol. 

a. For the lime t gives 

/= -RC In S- 

Qo 

= -(10xl0 6 fi)(].Oxl0“ 6 F)ln^^ = 23s 

5.0 nC 

This is 2.3 times the constant T= RC = 10 s 

b. 0 O = 5.0 JJ.C = 5.0 x J0-*C 
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Go -tiRC S.OxKT^C _23 

=> i =- e =-e 

RC 10 s 

= -5.0 x 10 -8 C 

The current has the opposite sign when the capacitor is 
discharging than when it is charging. 

Consider a situation when a charged capacitor is connected 
with a resistance and a battery t 

If a charged capacitor is connected across a battery with a 
resistance 

Final charge on capacitor is q f = CE 
if q f > q 0 

Charge supplied by battery is Aq = (CE- q 0 ) 

if 

Charge supplied to the battery is A q - (CE-q 0 ) 
let q 0 < CE 


q - R ‘ 



Fig. 5.101 

Applying Kirchhoff *s loop law in the circuit 


-2—« + £ = 0 
C 


Given 7 - 

dq 

dt 


1 

^1- 

i 

-N 

j+f = 0 


- . 

.f__L N 

I-" 

(q-Ce) 

l RC, 

Integrating both sides 


/•or dq _( 

' n ( 

> 

*%(q-Ce) 1 

, Rcy 


In 


' \ 


q-Ce 

-C£ J 


f 

Id 


After solving we get q-CE 


dq_ 

dt 


RC 


\-e + 




-tlRC 


(i) 

,00 


This formula looks like the summation of the formulae of 
standard case of charging and discharging . 


Note: f 

We will come across the following integration very 
frequently . So> remember the result as such. 

If f ——— = f cdt then' x = — (I-e~ bc( ) 

a-bx b 


And if f* ^ - f 1 cdt then j Ko\e" hct . 

v Wa-bx ' Jo ■ ■ b U 0 ) 

Here a, b, and c are constants . 


Similarly, if x increases from x 2 to x { exponentially, then 
x—t equation is, 

^ = x 2 + (jc, 


q = Ce 


i-e M 




-nnc 



Fig. 5.102 

Another approach to analyse the above condition. The charge 
further supplied by battery A q - (Ce- q Q ) 

Hence, transition charge = Aq = (Ce- q 0 ) 

Hence, charge at any time 

q = c /() + (C£-g 0 )O-e- ll * c ) 

. q^Ce(l-e-‘ JRC )q (l +e- ,,RC 



The expression is the same as the one we have calculated in 
the previous section. 

Sometimes a physical quantity * .decreases from x { to x 2 > 
exponentially, then the x-f equation is like, 
x = x 2 + (x^ -xf)e~ kt 

Here, K is a constant. 

A capacitor offers zero resistance in a circuit when it is 
uncharged, i.e., it can be assumed as short circuited and it offers 
infinite resistance when it is fully charged. 
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Equivalent Time Constant 

To find the equivalent time constant of a circuit, following steps 
are followed: 

i. Short - circuit the battery. 

ii. Find net resistance across the capacitor (say it R n(jt ). 
iii. r c = (R„ a )C 


6 R 

I—VWV 


-rrio v 




4> 


6R 



Fig. 5.105 

For example, in the circuit shown in Fig. 5.105, after short 
circuiting the battery 3 R and 6 R are in parallel, so their combined 
(6R)(3R) 

resistance is-= 2 R 

6R+3R 

Nov/ this 2 R is in series with the remaining R. 

Hence, R flt( =2R+R=3R => T c = ( R nel ) C — 3 RC 

Alternate method of finding current in the circuit and the charge 
on the capacitor at any time t 

In a complicated C-R circuit it is easy to find current in the circuit 
and charge stored in the capacitor at time / = 0 and t = 8. But to 
find the current and the charge at time / the following steps may 
be followed. 

i. Find equivalent time constant (/ t .) of the circuit. 

ii. Find steady state charge q Q (at time t = 8) on the capacitor 

iii. Charge on the capacitor at any time t is q - q 0 (\ - e' tlRC ). 

By differentiating it w.r.t. time we can find the current through 
the capacitor at time /. Then by using Kirchhoff’s laws we can 
calculate currents in other parts of the circuit also. 

Calculate the current in branch/^, R 2 > and 
R$ in the circuit shown in Fig. 5.106 (a). 

Sol. The circuit shown in Figs. 5.106 (a) can be considered as 
combination of the circuits shown in Figs. 5.106 (b), (c), and (d). 





(a) (b) 


r—AAAAr--| 

r 2 c 

-VWV—11— 

*3 

-VWV- 

V *4 

(c) 

Fig. 5.106 

In Fig. 5.106 (b) f, =— = constant. In Fig. 5.106 (c) \%-i^fi tiRC 

V V 

where i 0 =— and t c = CR 2 . In Fig. 5.106 (d) / 3 = — 

R 2 ^3 

Current through the battery, i - + / 2 + 

-VWV- 


v 

<d) 

Fig. 5.106 


Note: 

Due to the presence ofR 4 , it cannot he broken into three 
simple parallel circuits. 


Calculate the current flowing through the 
capacitor branch in the circuit shown in Fig. 5.107, initially and 
finally. 


100 V -±7 


4ft 

-/►AAAAr 

s 


- 2 ft >2 ft 


JL 


Fig. 5.107 


Sol. At time t = 0, when the switch is closed it becomes as shown 
in Fig. 5.107. 

When the capacitor is fully charged, i.e., at t = 8, the circuit 
becomes as in Fig. 5.108 (a). 

This means that no current flows through the capacitor. 


10 v 


4ft 

VWV 


At/ = 0 



1 A 



1A 

( 0 ) 

Fig. 5.108 (Contd.) 


Fig. 5.106 
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4fl 

—ww 

A( / = M 
10 _ 5 

T = T ‘ 

,1 

<b) 

Rg. 5.108 



20 


Concept Application Exercise 5.3 


1. Consider the circuit shown in Fig. 5.109. If the switch is 
closed at t = 0, then calculate the values of A and 1 2 at 
(a) i - 0 (b) t = °c 

*i 



Fig. 5.109 


2. Figure 5.110 shows three sections of the circuit that are 
to be connected in turn to the same battery via a switch. 
The resistors are all identical, as are capacitors. Rank the 
sections according to 




Fig. 5.110 

a. the final (equilibrium) charge on the capacitor_ 

b. the time required for the capacitor to reach 50 percent 

of its final charge, greatest first_ 

3. Determine ihc current through the battery in the circuit 
shown in Fig. 5.111. 

a. Immediately after the switch S is closed_ 

b. After a long time_ 


B 

t- 


—VWV 



Cl 

HI- 

r 7 c, 

AAA/V—11— 
AAM- 


/?, Ry 


Fig. 5.Ill 


4. A varying voltage is applied to the clamps AS as shown in 
Fig. 5.1 J2. Such that the voltage across the capacitor plates 
varies as shown in the figure. Plot the lime depending of 
voltage across the clamps CD. 


AO -lh 


-o C 


30- 


-O D 


to 2 to 2 to 5 to 

(a) (b) 

Fig. 5.112 

5. Consider the network shown in Fig. 5.113, initially, the 
switch S { is closed at S 2 is open 

3Q B 

—VWV—i—WA— 


} 

X 


Si 

10 jiF 


—VWV—tWWV— 


i n 




$ o. 


24 V 


Fig.5.113 


Calculate V A - V u . 


b. When S 2 is also closed, what is V A - V B 

(i) just after dosing (ii) after long time 
, In the circuit shown in Fig. 5. 114, = 10 D, R 2 = 20 O, 

Cj = l jiF, C 2 = 2 juF and E = 6 V. Calculate the charge on 
each capacitor in the steady state. 

*2 

-VWV— 


cl i 


E 


Fig. 5.114 

7. The plates of a 50 jaF capacitor charged to 400 \xC are 
connected through a resistance of 1.0 k£2. Find the charge 
remaining on the capacitor I s after the connection is made. 

8. The electric field between the plates of a parallel-plate 
capacitor of capacitance 2.0 |iF drops to one third of its 
initial value in 4.4 ms when the plates are connected by a 
thin wire. Find the resistance of the wire. 

9. The time constant of an R-C circuit during discharge is that 
time in which the charge on the condenser plates, as 

compared to maximum charge (%)> becomes — x 100 

% 

which is equal to_ 

10. After how many time constants will the energy stored the 
capacitor reach one-half of its equilibrium value? 
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/ 

/' 


The gap between the two plane plates of a 
capacitor equal to d is filled with gas. One of the plate emits 
u 0 electrons per second. It is moving in an electric field, which, 
ionizes gas molecules. This way each electron produces a 
new electrons (and ions) along a unit length of its path. Find 
the electronic current at the opposite plate, neglecting the 
ionization of gas molecules formed by ions, and the electronic 
current density at the plate possessing a higher potential. 
Assume that electrons per unit volume per second are 
formed. 

Sol. Let the number of electrons at a distance x be n, then the 
increase in number of electron per unit length is 


oi\ 


or 


dn 

— - an 
dx 

dn 

— = axdx 
n 


0) 


— = a \ dx 
J n Jo 


in 


\”o j 


= ad. 




n = n„e 


GO 


xp 


Fig. 5.115 

.Hence the number of electrons reaching other plate per unit 
timers n 0 e arI . 

v/electronic current at opposite plate = charge reaching per 


(ht) 


unit time 


or 

i = en 

or 

i=en 0 e“". 

Here 

n 0 = (rtf A dx) 

and 

n = (n i Adx)e ax 

So 

IE 

[I ■ 




I - cn.A - 


V a 

Hence 



. A a 


ad 


Switch S of circuit shown in Fig. 5.116 is in 
position 1 for a long time. At instant t == 0, it is thrown from 
position 1 to 2. Calculate thermal power ^-(Z) and P 2 (0 
generated across resistances R j and R ly respectively. 



Sol. Initially the switch was in position 1 for a long time, therefore, 
initially the capacitor was fully charged and potential difference 
across capacitor at t - 0 was equal to e.m.f E of the battery. 

Initial charge on capacitor, q 0 = CE 

When the switch is thrown to position 2, the capacitor starts to 
discharge through resistances /?, and R 2 - 

To calculate thermal power /*,(/) and generated across 
R i and R 2 > respectively, current I at time t through the circuit must 
be known. 

Let at instant t , the charge remaining on the capacitor be q and 
let the current through the circuit be L 

Applying Kirchhoff s voltage law on the mesh in the circuit of 
Fig. 5.177. 



Fig. 5.117 

2-~ir 7 -ir,= o => / = —-— 
c 1 iR t + R 2 )c 

Since, the capacitor is discharging, therefore, 
dt 

From equation (i), 

dq _ dt 

q (f?,+/? 2 )C 

Knowing that at t - 0, q = q 0 - CE , integrating equation (U), 
r<7=? dq v dt 


CO 


(ii) 


f4=? aq__ r/ 

i n =CE q ~ ~ i,= 


0 (Ri+R 2 )C 
t 


log —= - - 

CE (7?, + R 2 )C 

q=C£e- l/(R ] + R * )C 





























Electric Current and Circuits 5.35 


But 


1 - - 


dq 

dt 


Therefore I= 




(R ] + R 1 ) 

Hence, thermal power across R { is P, = I 2 R\ 


P = E R ' 

1 (R l +R 2 ) i 

Similarly, thermal power across R 2 , P 2 = I 2 R 2 


P-> = 


E% 


2 (Ri+R 2 ) 2 


-ItKRy+R^C 


Examine 53 


_ A charged capacitor C { is discharged through 

a resistance /? by putting switch S in position 1 of the circuit 
shown in Fig. 5.118. When the discharge current reduces to 
the switch is suddenly shifted to position 2. Calculate the amount 
of heat liberated in resistor R starting from this instant. Also 
calculate, current i through the circuit as a function of time. 

] 2 


When the switch is shifted from position 1 to position 2 the 
capacitor C j continues to be discharged while C 2 starts charging. 

Let at time /, after shifting of switch to position 2, charge on 
capacitor C 2 be q and let current through the circuit be 1. 

therefore, charge remaining on C] is equal to (q 0 - q) as 
shown in Fig. 5.119(b) 

Applying Kirchhoff's voltage-law on the circuit shown in 
Fig. 5.119(b). 

±. + m JMzA = Q , '■ 

C 2 C| 

IR= % zl <L 0ft)C 2 -qC 2 )-gC 2 

C, C*2 C|C 2 

But current, I = dqldl (Rate of increase of charge on C 2 ) 


fcdq _ qp^2 ~4(Q +Q) 


dt 


C& 

dq 


dt 


Y 


But aW = 0, <7 = 0, J 1 


qp^i — + ^ 2 ) RC[ x c 2 

dq ft dt 


—=r 

+ C,) J » 


0 q&C 2 —q(C[ +C 2 ) 
From the above equation, 


RC y C 2 


T ciz 

_ + 

q = 

qp^2 A 

■J 


f 



+C 2 , 

- 

- 


Fig. 5.118 

Sol. Let the charge on capacitor C\ be q 0 when the switch was 
shifted from position 1 to position 2. Just before shifting of switch 
the circuit was as shown in Fig. 5.119 (a). 


=r c 2 


% - A>^i 

RC\C 2 


<7= A) 


c, +c 2 



^ r dq 

But current, I - — 
dt 


( c^c 7 ) 
_ e WJ 

(£i±£A 
[rqcJ 


l=ke 


In a steady state the common potential difference across 
capacitors is given by, 




(a) 


go+0 

C\ + c 2 


using V - 


W + C 2^ 

+ c 2 



C 2 


C| + C 2 

2 j 

Initially energy stored in C ] was U l = —— = - IqR 2 C| . 

2C\ 2 

In steady state, energy stored in two capacitors is, 

U 2 = -C,V' 2 +-C 2 V' 2 = -(C t +C 2 ) /q/? Cl 2 
2 2 1 2 2 2,. (C,+C 2 ) 2 


% 


-I n R = 0 


% = h RC \ 


Y 2 c 2 

2 (C.+C a ) 


, ) 
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Heat generated across resistor R = loss of energy stored in 
capacitors during redistribution of charge 


= u t -u 2 = 


/nff 2 C,C 2 

2(C, +C 2 ) 


The capacitor shown in the Fig. 5.120 has been 
charged to a potential difference of V volt so that it carries a 
charge CV with both the switches Sj and S 2 remaining open. 
Switch S ; is closed at / = 0. At t - R t C switch is opened and S 2 
is dosed. Find the charge on the capadtor at / = 2R } C+R 2 C. 


c 



Fig. 5.120 


(IIT-JEE,1978) 


/ tf,C \ 


Sol. At / = R |C: q y - CV 


e 




CV 

e 



dq 

CE-q 


2ft i C+R^C 

j 


dt 

(R\ + R 2 )C 


=> q 



cv 


In the circuit shown in Fig. 5.121 E> F, G t and 
H are cells of e.m.f 2, 1,3, and 1V, respectively. The resistances 
2, 1, 3, and 1 W are their respective internal resistances. 


The circuit with the currents shown is redrawn in Fig. 5.122. 
Applying the loop law to BADE we get, 

(2p)/j - 2 V + 1 V + (1 fl)i, + (2 n)(ij - i 2 ) = 0 



Applying the same law to the loop DCBD t we get 
-3 V + (3 Q)i 2 + (1 0)i 2 + 1 V -(2 n) T i 2 ) = 0 
or ' -(2ft)/ 1 + (6£l)/ 2 = 2V 

From equations (i) and (ii), 


5 A ■ 6 A 

1 13 n 13 


i - L= -A 

2 13 

The current in BD is from B to D (opposite to assumption). 


l.V B -V D = (Z Cl) 


U3 J 13 


V 


ii. Potential differences across the cell G 

V e - V D = - (3 fl)i2 + 3 V = (3 V - V | = 


21 

13 


Potential difference across the cell H 


V c -V a =(l£l)f 2 +lV = (in) 



19 

+ 1 V = —V 
13 


(v V^E+ir) 


Calculate 


In the circuit shown in Fig. 5.123, E { = 3 V, 


2 V 2Q 



i. the potential difference between B and £>, and 

ii. the potential differences across the terminals of each of the 

cells G and H . (HT- JEE, 1984) 

Sol. Suppose a current i y goes in the branch BAD . therefore a 
current i 2 in the branch DCB will be i y - i 2 from the junction law. 


E 2 = 2 V, E 2 = 1 V, and R = r { = r 2 = r 3 = 1 Q. 


t\ + - 



i. Find the potential difference between the points A and B and 
the currents through each branch. 

ii. If r 2 is short circuited and the point A is connected to 

point F, find the currents through E 2i F 3 , and the 
resistor /?. (IIT-JEE, 1981) 
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i. Applying Kirchoffs law in PQRUP starting from P moving 
clockwise 



/|ri-ZS|+ J E 2 -/ 2 r 2 -0=>/i x l-3 + 2-/ 1 xl-0 

=> 4-4=1 CD 

Applying Kirchoff’s law in URSTU starting from U moving 
clockwise. 

4^2 “ ^2 ^3 — 4*3 = 0 / 2 Xl - 2 + l +/ 3 = 0 

=> 4 + 4=0 

=> 4 + 4 + 4 = 1 

=> / 1 + 2/ 2 =l (ii) ■ 

Subtracting equation (i) from (ii) 

4 + 2/2 — /[ +4 =0 
=> 4=0 /| = 1A 

therefore, current through branch is 1 A. Current 
through branch UR is 0 A. Current through branch TS is 
1 Ap.d. from A toB 

V A -OxR + I y r t -Ei = V B 
■■■ V^V fl = £l-/ l r 1 =3^1=2V 
ii. Applying Kirchoff*s law in PQR t/P starting from Amoving 
clockwise 

£2 = 0 =$ 4 -3 + 2 = 0 
=> 4=1 A 

Applying Kirchoff’$ law in URSTU starting from U moving 
clockwise 

- E 2 + E 3 - / 3 r 3 = 0 

=> -2+1- 4=0 => 4 = — 1 A 



The -ve sign of 4 indicates that the direction of current in 
the branch UTSR is opposite to that assumed. Applying 
Kirchoff’s law in AURBA starting from A moving clockwise 
is(4 + 4 + 4)/?-^ 2 = 0=>(l+4-l)/? = 2 

=> 4 = 2 A 

Calculate the steady state current in the 
2 Cl resistor shown in the circuit in Fig. 5.126. The internal 


resistance of the battery is negligible and the capacitance of the 
condenser C is 0.2 microfarad. 


2 ci 



V=6V 

Fig. 5.126 
Or 


Two resistors, 400 Cl and 800 Cl are connected in series with 
a 6 V battery. It is desired to measure the current in the circuit. 
An ammeter of a 10 Cl resistance is used for this purpose. What 
will be the reading in the ammeter? Similarly, if a voltmeter of 
10,000 Cl resistance is used to measure the potential difference 
across the 400 Cl resistor, what will be the reading in the 
voltmeter. (HT-JEE, 1982) 

Sol. When (he current becomes steady then (he branch containing 
the capacitor will be ineffective as no current will be flowing 
through it. The circuit can be redrawn as it is clear from the 
Fig. 5.127 that resistance 2 Cl and 3 Hare in parallel. 

2/| = 34(asp.d. across the two resistors will be same) 



Applying Kirchhoff’s law in loop ABCDEFGA starting from 
A in (he clockwise direction 

-/ t x 2 - 1x2.8 + 6 = 0 => - /, x 2 - (/, + 4) x 2.8 + 6 = 0 

A 20 



V= 6 Volta 


Fig. 5.127 



=> 6= 5.67 x/| 


tA or / ' =0 - 9A 

6.67 

Applying Kirchhoff’s law moving in clockwise direction 
starting from battery we get 
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+ 6-107- 400 7 - 800 7 = 0 


400 Cl 800 n 



6 volts 


Fig. 5.128 

6= 12107' 

7= —= 4.96xI0 -3 A 
1210 


The voltmeter and 400 Cl resistor are in parallel and hence 
p.d. will be same. 

.-. 10,000 I, = 400 7 2 (ii) 

Applying Kirchoff’s law in loop ABCDEA starting from A in 
clockwise direction. 

- 400 7 2 - 800 7 + 6 = 0 
6 = 400 7 2 - 800(7, + 7 2 ) 

' 6 = 400 7 2 + 800(.04 7, + 7^ 

From equation (ii) putting the value of 7j 
6 = 1232 7^ 

7 2 = 4.87 x 10 -3 A 
10,000 a 

m 



potential drop across 400 Q resistor 
= 7 2 x400 = 4.87 x 10~ 3 X 400=1,948 V= 1.95 V 
■■■ the reading measured by voltmeter = 1*95 V 


A part of a circuit is in steady state along with 

the current flowing in the branches. Value of each resistance is 
shown in Fig. 5.130. Calculate the energy stored in the capacitor 
C (4p,F). 



Sol. Applying Kircholl’s first law at junction M> we get the current 
7j=3A. 

Applying Krichoff's first law at junction P, we get current 
7 2 =1A 



Moving the loop from MNO to P v M - 5 x i ] - 2 x i 2 = v P 
v M -v P = 6i i + 2i 2 = 6x3 + 2xl=20V 
Energy stored in the capacitor 

= -cv 2 =-x4xl0" 6 x 20x20 = 8x 10 4 J 
2 2 


An infinite ladder network of resistance is 
constructed with aid and 2 Q, resistance, as shown in 
Fig. 5.132. 



Fig. 5.132 


The 6 V battery between A and B has negligible internal 
resistance: 

i. Show that the effective resistance between A and B is 

2 a 

ii. What is the current that passes through the 2 Q 

resistance nearest to the battery? (HT-JEE1987) 


Sol. Let the effective resistance between point C and D be R then 
the circuit can be redrawn as shown in Fig. 5.133 


J 


1 Cl 

l o 


6 VT 

r 212| 

2 n| 

: 2 

6 V 



Fig. 5.133 

The effective resistance between A and B is 



1 + 


2x7? 
7? + 2 


Fig. 5.130 


(nT-JEE,1986) 














































Electric Current and Circuits 5.39 


This resistance R eq can be taken as R because if we add one 
identical item in infinite item then the result will almost be the 
same. 


, 2x7? 

1 +- = R 

R + 2 

R + 2 + 2R = R 2 + 2R 
R 2 -R-2 = 0 
R-2R+R-2=0 
R 2 -2R + R-2=0 
R (R-2) + 1 (7?-2) = 0 
[/? + 1] [R-2] = 0 
R = 2£l 

A 1 ^ * r 
f—WVW+T 


3n 


6 V 


l 


2Cl< 



B F 

Fig. 5.134 

Applying Kirchoffis law in the two loops we get 6 - / - 2i } = 0 
=> / = 6 - 2i\ (i) 

-2 (i - iy) i-2ij + = 0 (ii) 

From equations (i) and (ii), we get - 2 (6- 2i ; ) + 2i ! + 2i t = 0 
=> —12 + 4/y+ Ai i ~ 0 

i > — ■” - t - 1.5 A 


8 2 


Example 5.10 


All resistances in the diagram below 
(see Fig. 5.135) are in ohms. 



Fig. 5.135 

Find the effective resistance between the point A and B . 

(HT-JEE* 1979) 

Sol. The given system can be reduced as shown in Fig. 5.136. 


3n 


3Q 





30 



Example 5.11 


3n 

Fig. 5.136 

In the diagram shown in Fig. 5.137 find the 
potential difference between the points A and B and between 
the points B and C in the steady state. 

HI—'—»- 



Fig. 5.137 


Sol. Applying Kirchoff’s law in loop AQBRC: 


(IIT-JEE, 1979) 


_£_£ + 100 = 0=^ q = 150 |iC 
6 2 


3 jiF 


\\IV 


3MF 


lUF 


Hh I 

3uf£: ipipF 

ll . 


Hh 

—\ 1- 

3 (iF 

11 

Hh 

i Jf" 

1 1 

1 mf < 



11 

i rtF ■ 


ion 5 




ion I 

-WM-III III- 


-\MMp -|l| l|l- ' 


2 on ioo v 


+ q -q 


2 on 

J (iF 


100 V 


+ q -q 


l (iF 


20 Qi 


-1 l| l| I— 

20Q 100V ' 

Fig. 5.138 


Fig, 5.136 (Contd) 
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.\ the potential difference between A# = -^ = 25V and 

6 

potential difference between BC = 100 - 27 = 75V 


the given circuit (Fig. 5.139): E x = 3 E 2 - 
2E 3 = 6 = 2fl 4 = 6 ft, = 2fl 2 = 4 ft, C = 5 pF. 

Find the current in R 3 and the energy stored in the 
capacitor. 



(IIT-JEE, 1988) 

Sol. Applying Kirchhoff s law in ABFGA 6 - (/ y + i 2 ) 4 = 0 (i) 

Applying Kirchhoff s law in BCDEFB 

4 x 3 — 3 — 2 + 2 i 2 + (j >2 + //) 4 = 0 (ii) 



Putting the value of 4 (/ ; +z 2 ) = 6 in equation (ii) we get 
\ 3i 2 — 5 + 2i 2 + 6 = 0 



Substituting this value in equation (i) we get 

Therefore, current in = R 3 = / y - i 2 1.7 - 0.2 = 1.5 A 
To find the p.d. across the capacitor V E - 2 - 0.2 x 2 = V G 
V £ -V g = 2AV 
/. energy stored in capacitor is 

= -Cl/ 2 =-x5xl0* 6 x(2.4) 2 = 1.44xI0- 5 J 
2 2 


Find the e.m.f (V) and internal resistance (r) 
of a single battery which is equivalent to a parallel 


combination of two batteries of e.m.f.s V { and V 2 and internal 
resistance r y and r 2 , respectively* with polarities as shown in Fig. 
5.141. 

I-WWV-lh-1 

n v 2 


AAAAA/--|l- 

n v, 

Fig. 5.141 

(IIT-JEE, 1997) 


Sol. The equivalent resistance 




r \ r 2 

r \+h 


+ • 

A 


D 

C 


H 


-►—AA/WV-if 

1 r* V 2 


ANWV 


E 


F 

G 


n V\ 


Fig. 5.142 



This is the internal resistance of the single battery which is 
equivalent to a parallel combination of the two batteries. Now 
applying Kirchoff s law in loop HCDEFGH moving clockwise 
starting from D 

-/r 2 + V 2 + Vi-Ir^O 

; v l +v 2 

=> i= — —- 
r t +r 2 

Now applying Kirchoff s law in branch ACHGB 
V A + IrrV>=V B 


„ „ (V / ,+V/ 2 >i Vrt+V^-Vrt-Vrt 

* v *~ v *- v ' ^ 

V,>\-y 2 ri 

>1 +>2 

This is the potential difference of the new battery. 

A leaky parallel plate capacitor is Riled 
completely with a material having a dielectric constant k as 5 
and electrical conductivity o = 7.4 x 10~ 12 ft" 1 m" 1 . If the 
charge on the plane at instant / = 0 is q = 8.85 )iC, then 
calculate the leakage current at the instant t = 12 s. 

(HT-JEE, 1997) 

Sol. ^ 0 = 8.85 x 10“ 6 Cat/ = 0;^ = ^at/= 12 s 


Now, 


V _ AV 
R^ pi 


R = Resistance V- Potential difference at / seconds. 


CO 
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Example 5.15 


In the circuit shown in Fig. 5.144, the battery is 
an ideal one, with emf V. The capacitor is initially uncharged. The 
switch $ 1$ closed at time/ = 0. 

a Find the charge Q on the capadtor at time/: 
h Find the current in AB at time/, what is its limiting value as 


Fig. 5.143 

dt pi dt pi c 



dq A Idt 


q plKe^A 
- —= —dt 

dt K£q 

a 7.4xl0“ 12 


^ c _^ 


v <? = — 


Ke 0 5x8.85xl0“ 12 

— =0.16724* 

<7 

On integrating f 4 — = -0.1672 [ ‘ dt 

J q<i q ^0 


log, — =-0.1672* 
?o 

? = ^-° 1671 ' 


When *= 12 s 
4 = 


? 0 _ 8.85 xlO -6 

„-0.16721 “ -0.1672fxl L 

8.85 


From equation (i) = —— x 10" 6 = 1.1896 x 10“ 6 C 
7.439 

, a A ql a 

1= — x —— =-x q 

I Ke^A KEq 

= 0.1672X 1.1896 xl0 _6 =0.199 (iA 

Alternatively: The problem can be treated as discharging of CR 
circuit. For which q = q§<f tlr > where q 0 = initial charge; q = charge 
at time; and t r c = time constant. 

=> Ol-Z&xA . 

e / A a 


5x8.85xlO~ 12 

7.4X10" 12 

-r/5.98 


= 5.98 s 


q = <?o e 

»\ current I 

= 0.t99p.A 


r- f d l\ = 

{ dt) 5.98 


-z/3.98 _ 8.85X10 .-12/3.98 

5.98 


(HT-JEE, 1998) 

Sol. Let at any time t charge on capacitor C be Q and currents are 
as shown in Fig. 5.145. Since charge Q will increase with time /, 
therefore, 

dQ 


h = 


dt 



V. P) 


r-k -- - 

r — ►-\Wy\ — 




; 

[l-ii = ‘2 

= 0.1672 


V" 


\R Q\ 




R 

'rt—vwi - 

D 


T 

Fig. 5.145 

a Applying KirchofTs second law in the loop MNABM 

V= (i - i { )R + iR qt V = 2ir - ijR * (1) 

Similarly, applying KirchofTs second law in loop MNSTM\ 
we have 

F=i,fl+— + /*. 

C 

Eliminating i from equation (1) and (2), we get 

2Q 20 

V= 3 /,/? + — or i, = 3/,* = V —- 


or 


1 3*1, C ) 


dQ 1 L, 2 Q\ 
or — = — V —— or 

dt 3*1 C 


dQ 


dt 


V _2Q 3* 
C 


or 


f<2 dQ _ ti dt 

Jo .. 20 Jo 3^ 


. C 


cv 

This equation gives Q - 

K ; _ dQ _ V -2tnRC 
1 dt 3R 
from equation (1) we get: 

V + q* _ + 3 g 


l = 


2 R 


2 R 
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Current through AB: 


V + ~e~ 2,nRC w 

- V e -w*c 

n 1 2R R 
; _ V V -H/3RC 


i, = — as t -»» 


Example 5.16 


In the given circuit, the switch 5 is closed at 
time / = 0. The charge Q on the capacitor at any instant t is 
given by Q(t) = Q( 1 - e~ at \ Find the value of Q 0 and a in 
terms of given parameters as shown in the circuit in Fig. 5.145. 


|-VWV\r 

s/ 


T V 




Fig. 5.146 

(irr-JEE,2005) 

Sol. At any instant of time t , the current flowing the loops are 
given in the Fig. 5.147. 

Applying Kirchoff’s law in loop ADEFA. 


V -IR\ -- = 0 « 
c 


( 1 ) 



Applying Kirchoff’s law in tq.BCDEB 


2=0 


(2) 


From equation (1) 


IR { = V- — 

1 C 

Substituting in the above values in equation (2) 


-± + &J v -£ 

C J( l c) 1 Jl 


C ^ dt 


de = v_ _ q_ 

dt R x CR 1 
d& _ ( R\ + R 2 


1 + - 


dt C7?|/?2 j 


*1 


o-1. 

R, 


]=5--b 

Ry + R 2 

J R l 

_ CR [ R 1 _ 


This is a first order linear differential equation whose 

'R i+ R 7t 


integrating factor is e 
Be 


CW2 


On solving 


U + ^2 


l CR& J 

J [ CR\Ri J 


t x —dt +C, 


JO 


Given that at t = 0, 0= 0 


e= 


CVRy 


R\ + R 2 R\ + 

On comparing with 6= # 0 [ 1 - e~ a '} we get 

+ Hi 

* - — and a- —* 






CR, + R 2 


EXERCISES 


Subjective Type 


Solutions on page 5.61 


1. Find the e-mi'se, and e 2 in the circuit of Fig. 5.148. Also Find 
the potential difference of point b relative to point a. 


UOQA^ 

a 

2.00 A | 


'1.000 20.0V 
p^VW-^j 1- 


4,oo n 

'W- 


6.oo n • 

—wv- 


i.oo n 
Wv * + |l 


!00fl + f 2 2.00 £2 

—Wv^l I-\w- 

Fig. 5.148 


2. What is the potential difference between the points M and N 
for the circuits shown in Figs, 5.149 (a) and (b) for Case I and 
Case II. 


E\ = 12V 

d 1- 


d 


E-i = 6V 
—o o— 
M N 


r, = 3n 

-WAN — 

9 

r 2 = 20 

-WAN — 
o 


Case-1 

w 


£i 

d 1- 

d^ 


E 2 = 6V 
o- 


ri = 3£2 

-WWV-1 

B 

r 2 =2£l 

-AAAAAi— 

D 


M N Cue-II 
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3. At room temperature (27 °C) the resistance of a heating 
;element is 100 ft. What is the.temperature of the element 
if the resistance is found to be 117 ft? Given that the 
temperature coefficient of the material of the resistor is 
1.70x 10' 4 °C‘. 

4. A platinum wire has a resistance of 10 ft at 0 a G and 20 ft 
at 273°C. Find the value of temperature coefficient of 
platinum; 

5. A metal wire of diameter 4 mm and length 100 m has a 
resistance of 0.408 ft at 10°C and 0.508 ft at 120°C. Find 
the value of 

i» temperature coefficient of resistance, 

11* its resistance at 0°C, and 
Hi* it&resistivities at0°C and 120°C. 

6. i. A carftas.a fresh storage battery of e.m.f 12 V and internal 

resistance 5.0 x 10’ 2 ft. If the starter motor draws a 
current of 90 A, what is the 1 terminal voltage of the 
battery when the starter is on? 

ii. After a lohg use, the internal resistance of the storage 
increases to 500 ft. What maximum current can be 
drawn from the battery? Assume the emf of the battery 
to remain unchanged. 

ill* If the discharged battery is charged by an external e.m.f 
source, is the terminal voltage of the battery during 
charging greater or less than its e.m.f 12 V. 

7. A storage battery of e.m.f 8.0 V and internal resistance 
0.5 ft is being charged by a 120 V dc supply using a series 
resistor of 15.5 ft. What is the terminal voltage of the battery 
during charging? What is the purpose of having a series 
resistor in the charging circuit? 

8. Find the resistance R AB of the frame made of a thin wire. Assume 
that the number of successively embedded equilateral 
triangle^ (with sides decreasing to half) tends to infinity 
(see Fig. 5.150). 


C 



C, 

Fig. 5,150 

Side AB is equal to a and the resistance per unit length of 
wire is r. 

9. A network consisting of three resistors, three batteries, and 
a capacitor is shown in Fig. 5.151. Find the charge on the 
capacitor C in a steady state. 

h+h h 



10. Calculate equivalent resistance between A and B of the 
circuit shown in Fig. 5.152. 

32 D. 4 Cl 



Fig. 5.152 

1L The circuit shown in Fig. 5.153 contains three resistors 
- 100 ft, R 2 = 50 ft, and R y - 20 ft and cells of e.m.f s 
£j=2V and E v The ammeter indicates a current of 50 m A. 
Determine the currents in the resistors and the e.m.f of the 
second cell. The internal resistance of the ammeter and of 
the cells should be neglected. 



Fig. 5.153 

12, In the given circuit of Fig. 5.154 all batteries have e.m.f 10 V 
and internal resistance negligible. All resistors are in ohms. 
Calculate the current in the right most 2ft resistor. 


2 a 



Fig. 5.154 

13. In the circuit diagram shown in Fig. 5.155 find the current 
through the 1 ft resistor. 
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14. The circuit shown in Fig. 5.156 is in steady state. 



Find the charge on the capacitors C x and C 2 , respectively. 

15. Consider an infinite ladder of network shown in Fig. 5.157. A 
voltage is applied between point's A and B. If the voltage is 


halved after each section, find the ratio of —. 

R 2 

R\ R\ R\ R\ R\ 



Suggest a method to terminate it after a few sections without 
introducing much error in its attenuation. 

16. For a circuit shown in Fig. 5.158 switch 5, is closed att-0, 
then at t ~ (2 R 2 + /?,)C, 5, is opened and S 2 is closed. 



I—| 

p Ri 


Fig. 5.158 

a' find the charge on capacitor at / =: (2 R 2 + 2 R : )C> 
b. Find current through R 2 (adjacent to' battery) at 
/ = (3/?| + 2R 2 ) C. 

17. Find the potential difference between the plates of the 
capacitor C in the circuit shown in Fig. 5.159. The internal 
resistances of sources can be neglected. 



Fig. 5.159 

18. Analyze the circuit given in Fig. 5.160 in the steady state 
condition. Charge on the capacitor in this state is q 0 = 16 pC. 



a Find the current in each branch, 
h Find the e.m.f of the battery. 

c. If in the beginning the battery is removed and the nodes 
A and C are shortened, then find the duration in which 
charge on the capacitor becomes 5.92 pC. 

19. Eleven equal wires each of resistance 2 12 form the edges of. 
an incomplete skeleton cube. Find the total resistance 
between points A and B of the vacant edge. 

20. i. What is the potential difference between points a and b 

in Fig. 5.161 when switch S is open ? 



Fig. 5.161 

M. Which point, a or b t is at the higher potential? 

iii. What is the Final potential of point b when switch S is 
closed? 

iv. How much does the charge on each capacitor change 
when S is closed? 

21. In the circuit shown in Fig. 5.162, C is a parallel plate air 
capacitor having plate of area A = 50 cm 2 each and distance 
d= 1 mm apart. R\ y R 2 > and R$ are resistors having resistances 
3 ft, 2 £2, and 112, respectively. Two identical sources each 
of e.m.f V and of negligible internal resistance are connected 
as shown in Fig. 5.162. If a dielectric strength of air is 
E 0 = 3x 10 6 VnT l ,calculate the maximum safe valueof V. 



Fig. 5.162 
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22. The circuit shown in the Fig. 5.163 is in steady state. Calculate 



i. energy stored in the capacitors shown in the Fig. 5.163,. 
and 

ii. the rate at which battery supplies energy. 

23- The given RC circuit has two switchs S { and S 2 > Switch^ is 
closed and S { is open till the capacitor is fully charged to 
Then S 2 is opened and S { is closed simultaneously till the 
charge on capacitor remains qrf 2 for which it takes time t v 
Now is again opened and S 2 is closed till charge on 
capacitor becomes 3^(/4. It takes time t 2 (see Fig. 5.164 for 
reference). 



E 1R 


Hi—-——-* 

Fig. 5.164 

Find the ratio t i lt 2 . 

24- For the circuit arrangement shown in Fig. 5.165 



Fig. 5.165 

a Find the potential difference across each-capacitor in the 
steady state condition. 

h Also, find the current through the 60 £1 resistor just after 
the instant when the key K is opened. 

25, Find the equivalent resistance between points A and B of 
thecircuit shown in Fig. 5.166. 


Objective Type 


Solutions on page 5.67 


1. A battery of internal resistance r having no load resistance 
has an e,m.f E volt. What is the observed e.m.f across the 
terminals of the battery when a load resistance R (= r) is 
connected to its terminals ? 

a. 2 E volt h E volt 

E E 

c, — volt d — volt 

2 4 

2. Figure 5.167 represents a load consisting of three identical 
resistances connected to an electric energy source of e.m.f 
12 V and internal resistance 0.6 £1 The ammeter reads 2 A. 
The magnitude of each resistance is 



Fig. 5.167 

a 3.6Q h 7.2 a 

c, 16 . 2 a d 10,8a 

3, In the circuit shown in Fig. 5.168, the current / has a value 
equal to 


15 Q 



Fig. 5.168 

a 1 A h 2A 

c. 4 A d 3.5 A 

4. Figure 5.169 represents a part of closed circuit. The potential 
difference (V A - V B ) is 


A 




hHww 

3 V IQ 


I-3A 


■\AAAAA 

6Q 


B 


Fig. 5.169 



a 24V hOV 

c. 6V d 18V 

5, Figures 5.170 and 5.171 show two squares, X and Y> cut from 
a sheet of metal, of uniform thickness /. X and Fhave sides of 
length L and %L, respectively.- 
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The resistance R t and R of the square are measured between 
the opposite faces shaded in the Figs. 5.170 and 5.171. 

What is value of —— ? 

Ry 

a. 1/4 h 1/2 

cl d 2 

6. In the circuit shown in Fig. 5.172, the magnitudes and the 
direction of the flow of current* respectively, would be 

MAAM—11-—I l-AAAAAq 4 
\a to v 4 v 

3f2 

v -VW\A-J 


Fig. 5.172 


a - A from a to b via e 
3 

c. 1 A from b to a via e 


lx - A from b to a via e 
3 

d l A from a to b via e 


7. A cell of e.m.f E volt with no internal resistance is connected 
to a wire whose cross-section changes. The wire has three 
sections of equal length. The middle section has a radius a 
whereas the radius of the outer two sections is 2a. The ratio 
of the potential difference across the section AB to the 
potential difference across the section CA is 
E 



Fig. 5.173 

a 5 h 4 

cl/2. c 1/4 

8. The plot represents the flow of current through a wire at 
three different times. The ratio of charges flowing through 
the wire at different times is (see Fig. 5.174) 



a 2:1:2 h 1:3:3 

c. 1: 1 : 1 d 2:3:4 

9. Two cell A and B, each of e.m.f 2 V, are connected in series to 
an external resistance R = 1 Cl. If the internal resistance of cell 
is 1.9 Cl and that of B is 0.9 Cl, what is the potential difference 
between the terminals of cell A? 

A B 


-VW\A,- 

R 

Fig. 5.175 

a 2V lx 3.8V 

c. 0 d None of the above 

10. Two resistors of resistances 200 kO and 1 respectively, 
form a potential divider with outer junctions maintained at 
potentials of + 3 V and - 15 V. 

+ 3V 200 kn X IMO - 15V 

O-V\MA/-•-WWV —'—o 

Fig. 5.176 

What is the potential at the junction X between the 
resistors? 

2 l +1 V tx 0V 

C.-0.6V d - 12V 

11. Some early electric light bulbs used carbon filaments, the 
resistances of which decreased as their temperature 
increased* Which of the following graphs best represents 
the way in which /, the current through such a bulb, would 
depend upon V, the potential differed across it? 
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12. A cell is connected to a uniform resistance wire XY and Y is 
earthed as shown in Fig. 5.177 



Fig. 5.177 

Which one of the options of the-graphs show that current 
density J varies along XY ? 





13. The equivalent resistance between A and B in the network in 
Ftg. 5.178 is. 




c.3n d 2 Q 

14. [n the circuit shown here in Fig. 5.179,£| = E 2 = £3 = 2 V and 
7?i = R 2 = 4 Cl. The current flowing between points 
A and B through battery E 2 is 


f 1 

AAAAA 

Ei 

vVVVV 

- Il - 

-M/W- 1 


Fig. 5.179 

a zero h 2 A from A to B 

c. 2 A from B to A d. None of the above 

15. An electric current flows along an insulated strip PQ of a 
metallic conductor. The current density in the strip varies as 
shown in the graph of Fig. 5.180. 



Fig. 5.180 

Which one of the following statements could explain this 
variation ? 

a. The strip is narrower at P than at Q. 

b. The strip is narrower at q than at P. 

c. The potential gradient along the strip is uniform. 

d. The resistance per unit length of the strip is constant. 

16. Figure 5.181 shows a thick copper rod X and a thin copper 

wire y joined in series. They carry a current which is 
sufficient to make Y much hotter than X. 




Fig. 5.181 

Which one of the following is correct? 


Number of density 
conduction electrons 

Mean time between 
collisions of the 
electrons 

a. Same in X and Y 

b. Same in X and Y 

c. More in X than Y 

d. More in X than Y 

Less X in than in Y 

Same in X and Y 

More in X than in Y 

Less in X than in Y 

Same in X and Y 


17. If a copper wire is stretched to make it 0.1 % longer. The 
percentage change in Its resistance is 

a. 0 . 2 % increase - b. 0 . 2 % decrease 

c. 0. 1 % increase ., d. 0. 1 % decrease 

18. The mass of the three .wires of copper are in the ratio 1:3:5. 
And their length are in ratio 5:3:1. The ratio of their 
electrical resistance is 

a. 1 : 3 : 5 b. 5 : 3 : l 

c. 1 : 15: 125 d. 125: 15: 1 

19. A steady current flows In a metallic conductor of non- 
uniform cross-section. The quantity/quantities constant 
along the length of the conductor is/are 

a. current, electric field and drift speed 

b. drift speed only 

c. current and drift speed 

d. current only 

20. In the part of a circuit shown in.Fig. 5.182, the potential 
difference ( V c - V H ) between points G and H will be 
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Fig. 5.182 



a. OV h 15V 

c. 7 V d. 3 V 

21 . Is it possible chat a battery has some constant value of e.m.f 
but the potential difference between the plates is zero? 

a. Not possible 

b. Yes, if another identical battery is joined in series 

c. Yes, possible if another battery is joined in opposition 

d. Yes, possible if another similar battery is joined in parallel 

22. The two ends of a uniform conductor with some resistance 
are joined to a cell of e.m.f E and some internal resistance r. 
Starting from the midpoint P of the conductor, we move in 
the direction of current and return to P while moving 
through the complete circuit. The potential V at every point 
on the path is plotted against the distance covered (, x ). 
Which of the following graphs best represents the resulting 
curve? 




23. In Fig. 5.183 shown, if a battery ls connected between points 
A and B> e.m.f E = 18 V, the current flowing through the 
battery is 


a. 10 A 


D 



24. Two square metal plates A and B are of the same thickness 
and material. The side of B is twice that of A. These are 
connected as shown in Fig. 5.184 (series connection). If R A 

r 

and R b are the resistances of A and B , respectively, then — is 



h 2:1 
6. 4: 1 


a 1:2 
c. 1 : 1 

25. In a gas discharge tube, 3 x 10 18 electrons are flowing per 
sec from left to right and 2 x 10 l * protons are flowing per 
second from right to left through a given cross-section. Find 
the magnitude and the direction of current through the cross 
section. 

a. 0.80 A (Right to Left) b. 0.40 A (Right to Left) 

c. 0.80 A (Left to Right) d. 0.40 A (Left to Rig^t) 

26. Find out the value of current through resistance for the 
given circuit in Fig. 5.185. 


tov 


r 

L 


:SQ lOO! 

2n 

-WAV- 



20 v 


Fig. 5.185 

a. zero b 2 A 

C.5A d. 4A 

27. The length of a given cylindrical wire is increased by 100%. 

Due to the consequent decrease in the diameter, the change 
in the resistance of the wire will be (A 1 EEE, 2003) 

a. 300% h 200% 

c. 100% d 50% 

28. The resistance of the series combination of two resistance 
is S . When they are joined in parallel, the total resistance is 
P . If S = nP, then the minimum possible value of n is 

(AIEEE,2004) 

s.4 b 3 

c. 2 d 1 

29. An electric current is passed through a circuit containing 
two wires of the same material, connected in parallel. If the 
lengths and (he radii of the wires are in the ratio of 4/3 and 
2/3, then the ratio of the currents passing through the wires 
will be 

(AIEEE,2004) 

a 3 b 1/3 

c. 8/9 d. 2 

30. The Kirchhoff's first law (Zi = O) and second law 

(LiR = E£), where the symbols have their usual meanings, 
are respectively based on (AJEEE,2006) 

a. conservation of momentum, conservation of energy 

b conservation of charge, conservation of energy 
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c. conservation of charge, conservation momentum 

d, conservation of energy, conservation of charge. 

31. The resistance of a bulb filament is 100 Q at a temperature 

of 100°C. If its temperature coefficient of resistance be 
0.005 Cl per °C, then its resistance will become 200 Cl at a 
temperature of (AIEEE-2006) 

a. 500°C h 200°C 

c. 300°C d. 400°C 

32. When a current 7 is set up in a wire of radius r , then the drift 
velocity is V d , If the same current is set up through a wire of 
radius 2 r> then drift velocity will be 

a AV d h 2V d 

c. V d I2 d V (l IA 

33. The resistance of a metallic conductor increases with 
temperature due to 
a change in carrier density 
h change in the dimensions of the conduct 

c. increase in the number of collisions among the carriers 

d. increase in the rate of collisions between the carriers and 
the vibrating atoms of the conduct 

34. A straight conductor of uniform cross-section carries a 
current 7. Let ^ be the specific charge of an electron. The 
momentum of all the free electrons per unit length of the 
conductor, due to their drift velocities only, is 

a. Is h I/s 

c. 7777 d. II$\ 2 

35. Current flows through a metallic conductor whose area of 
cross-section increases in the direction of the current. If we 
move in this direction then, 

a. the current will change 
h. the carrier density will change 
.. c- the drift velocity will i ncrease 
d the drift velocity will decrease 

36. A no conducting ring of radius R has charge Q distributed 
unevenly over it. If it rotates with an angular velocity (0* the 
equivalent current will be 

a. 0 h Qco 



c O — 
2 n 


d. Q 


co 

2rtR 


37. All the edges of a block with parallel faces are unequal. Its 

longest edge is twice its shortest edge. The ratio of the 
maximum to minimum resistance between parallel faces is 
a. 2 h 4 c. 8 

d. indeterminate unless the length of the third edge is 
specified. 

38. The e.m.f of a cell is £ and its internal resistance is r. Its 
terminals j! re connected to a resistance R. The potential 
difference between the terminals is 1.6 V for R = ACl y and 
1.8 V for R = 9 Cl. Then, 

a. £=1 V,r=l Cl b. £ - 2 V, r = 1 H 

c. e=2V 3 r = 2Cl d. £=2.5V,r = Q.5Cl 


39. N identical cells are connected to form a battery. When 
the terminals of the battery are joined directly (short- 
circulated), current 7 flows in the circuit. To obtain the 
maximum value of 7, 


a. All the cells should be joined in series. 

b. All the cells should be joined in parallel. 

c. Two rows of NI2 cells each should be joined in parallel. 


d. J~N rows of -J~N cells each should be joined in parallel, 
given that %f~N is an integer. 

40. n identical cells, each of e.m.f £and internal resistance r, are 
joined in series to form a closed circuit. The potential 
difference across any one cell is 
a. zero b. £ 


n n 

41. n identical cells, each of e.m.f £and internal resistance r, are 
joined in series to form a closed circuit. One cell A is joined 
with reversed polarity. The potential difference across each 
cell, except A, is 

2 £ .71-1 

a. — ^ b. - £ 


c. 


d. 


n 

2 n 


n n — 2 

42, In question 41 , the potential difference across A is 


a. 


2 £ 


c. 2e\ 1 




b. £ 


d e 


fi-i 

/ n -2 
n 


43. A potential divider is used to give outputs of 2 V and 3 V 
from a 5 V source, as shown in Fig. 5.186. 



Which combination of resistances, R j, R 2> and 7 ? 3 gives the 
correct voltages? 



R,kQ 

1 R 2 k Cl 

R 3 k£2 

a 

I 

i 

2 

b . 

2 

■ i 

2 

c' 

3 

2 

2 

d 

3 

’. ' 2 . 

, 3 


44. Five resistors are connected between points A and B as 
shown in Fig. 5.187. A current of 10 A flows from A to B . 
Which of the following is correct ? 




4n 

6H 

A A A * K 



1-iAAAA/^ — 

c 8a 

-MW- 

B 


6Q 

Fig. 5.187 
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a ^ac- ^cb ^ V AC > V CB 

c. V AC <^ , . d V C *=24V 

45. Figure 5.188 shows a potential divider circuit which, by 
adjustment of the position of the contact X , can be used to 
provide a variable potential difference between the terminals 
p and Q . What are the limits of this potential difference ? 



Fig. 5.188 

a 0 and 20 mV h 5 mV and 25 mV 

c. 0 and 20 V d. 0 and 25 V 

46. The current through the 8 Q resistor (shown in Fig. 5.189) is 


a 200 h 10Q 

c. 5 O c. 15 O 

49. Three resistors are connected as shows in Fig. 5.192. the 
points X and Y are connected to a source of direct current. 




x b 

*1 

—sAMAA-*- 

y 



*3 

—7WW-K- 



The ratio /|// 3 is 
R 2 


a. 


Fig. 5.192 




RiRi 


R\ R j ^(^2 ^^3) 

d. Dependent on the internal resistance of the source and 
independent of R^. 

50. Find out the value of resistance R in Fig. 5.193. 


2.0 n 


6. on 



a 4 A h 2 A c. zero d 2.5 A 

47. In the network shown in Fig. 5.190, the potential difference 
across A and B is 

J2V 

Ft \ A 


2.0 Q: 

4.0 fl j 


6.0 n 


6 . 0 ^ 


4.0 Cl 


2.0 ft 


12 V 


Fig. 5.190 


J20 V 


10 ft 
“AA/Wv- 


iooq; 


100 V 


Fig. 5.193 

a 100a h 200a 

c. 50 Q d. 150 £2 

51. Three resistances are joined together to form a letter Y t as 
. shown in Fig. 5.194. If the potentials of the terminals A, B , 
and C are V iy V 2 > and V 3> respectively, then determine the 
potential of the node O . 



Fig. 5.194 


Vy V 2 V 3 

- — + — + — 

»2 p 2 T p 2 

A< K'y A'» 


1 1 

— + .— 


1 

+ — 
R* 


n-2 


a 6V h zero c. 2V d 4V 

48. What resistor should be connected in parallel with the 20 Q 
resistor in branch ADC in the circuit shown in Fig. 5.191 so 
that potential difference between B and D may be zero 



Fig. 5.191 




l l l 

D. 

^ /?i R 2 R$ _ 

_ _|__ _|_ 

_ /?! R 2 

c. 

>3 | Jn 
+ 

1 _ 1 

R \ +^2 + ^3] 

d. 

R} Ri ft? 

[V+J?f+Kj 2 ] 


52. In Fig. 5.195, the value of resistors to the connected between 
C and D y so that the resistance of the entire circuit between 
A and B does not change with the number of elementary sets 
and is 
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art hrt(^-l) c.3rt d. rt(V3 + l) 

53. A wire of length L and 3 identical cells of negligible internal 
resistances are connected in series. Due to the current, the 
temperature of the wire is raised by A Tin a time /. A number 
N of similar cells is now connected in series with a wire of 
the same material and cross-section but of length 2 L The 
temperature of the wire is raised by the same amount AT in 
the same time /, the value of N is 

a. 4 b. 6 c. 8 d. 9 

54. The effective resistance between point P and Q of the 
electrical circuit shown in ftg. 5.196 is 


2 R 


2R 



a B to D h D to B 

c. Depends on the value of emf E of the cell 

d. Depends on the internal resistance of the cell 

57. For a cell, a graph is plotted between the potential difference 
V across the terminals of the cell and the current 7 drawn 
from the cell (see Fig. 5.199). Thee.m.f and internal resistance 
of the cell is E and r, respectively. 



a£=2V,r=0.5O lx E=2V,r=0.4Q 

c. £>2V,r = 0.5Q d. £>2V,r=0.4Q 

58. A ljuF capacitor holding a charge of 1 x 10" 5 C is connected 
to a 10 Cl resistor via a switch. 



Fig. 5.200 


a 


2Rr 
E + r 


8/?GR + r) 


C. 2r + 4R 



55. Figure 5,197 shows a wheatstene bridge circuit. Which of 
the following correctly shows the currents 7 h l 1% and 7 3 in 
the correct decreasing order of magnitude? 


B 



k 4*7| c. 7^,73 d.7 3 ,72,7] 

56. Figure 5.198 below shows an unbalanced Wheatstone 
bridge. What is the direction of conventional current 
between B and £>? 


B 



Fig. 5.198 


What current will flow after the switch is closed? ■ 
a 0 h 10" 5 A 

c. 1 A d 10A 

59. In the given circuit in Fig. 5.201, with steady current, the 
potential drop across the capacitor must be 

y | R 

|-H j-WM— 

-^ 1 —iV-— 

2 V 1 ^ 

li_q|-wwv—I 

Fig. 5.201 

a V h. V/2 

c. V/3 d. 2V/3 

60. In the given circuit of Fig. 5.202, with steady cun-ent, the 
potential drop across the capacitor must be 


i—I I--WVM-—i 

v R 

— i hr-II— 

C 

—| |-AMAM- 

2V 2 R 

Fig. 5.202 


a. V h VII 

c. V/3 -d. 2V/3 

61. The capacitive time constant of the RC circuit shown in 
Fig. 5.203. 
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R = in 
— / VVWA- 


C= 2^f 
— 11 — 


H 1 - 't — 


Fig. 5.203 

a Zero h Infinity 

c. 2 s d. 2 juls 

62. A capacitor is charged to certain potential difference and 
then discharged through a resistor R. It takes 2|xs for current 
through take 4^s for current to become half its initial value, 
if 

a. C is doubled b. R is doubled 

c. either [a] or [b] d. both R and C arc doubled 

63. -For the arrangement shown in Fig. 5.204, the switch is closed 
at t = 0. The time after which the current becomes 2.5 |xA is 
given by (jj 2 = 0.69) 


C = 5 jiF 

+ I r- 


rl 


R=2UCl . 
-AVWvV— 


qo- 50 piF 


A 


Fig. 5.204 

a. 10s h 5s 

c, 7 s d. 0.693 

64. A capacitor discharges through a resistance. The stored 
energy // 0 in one capacitive time constant falls to 

a. u 0 fe 1 h eu 0 

c. u 0 le d. None of these 

65. When the switch is closed, then initial current through IQ 
resistor is (see Fig. 5.205) 



Fig. 5.205 


a. 12A 

10 A 

c. —A 
7 


h 4A 
d. 3 A 


66. A capacitor C is connected to the two equal resistances as 
shown in Fig. 5.206. What is the ratio of time constant during 
charging and discharging of the capacitance? 



Fig. 5.206 


a 1:1 h 2:1 

c. 1 : 2 d. 4 : 1 

67. Current through the battery, at instant when the switch S is 
closed is (see Fig. 5.207) 


2 pF 



Fig. 5.207 

a zero h, 2A 

c. 4A d 5A 

68. When the switch is closed, then final charge on the 3[lF 
capacitor in the stead state is (see Fig. 5.208) 


T. 


ion 

-AWM- 


ZZ= 3 jiF 


Fig. 5.208 


a 10 h 20 (iC 

c. 30 p.C d. 40 \iC 

69. In Fig. 5.209, r- 10 Q and C = 2 p,F. The value of the steady 
state current / is 


C 



a 2 A tt 1 A 

c. 0 d None of these 

70. Find equivalent resistance between points A and B in the 
Fig. 5.210 when they are in the steady state. 



''o 


A 


'0 



6-VA- OB 

fo 


Fig. 5.210 


h 


4 

3 


4) 


d. None of these 
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71. The equivalent resistance between the point A and B in 
Fig. 5.211 at steady state will be 



a. 2 r 


c. 


5 

- r 
3 



d. None of these 


72. n resistors each of resistance R are joined with a capacitor s 
of capacity C (each) and a battery of e.m.f E as shown in the 
Fig, 5,212. In steady state condition, ratio of charges stored 
in the first and last capacitor is 



a. n : 1 h (n- 1) :R 

c. (n 2 + 1) :(n 2 - I) d. 1 : 1 

73. At a steady state, the energy stored in capacitor is 


2^F 



a. 4x 10" 6 J b 2J 

c. 4J d. Zero 

74. In the circuit shown in the Fig. 5.214, when the switch is 
closed, the capacitor charges with a time constant 


c 

Hh 


R 

-AWvW- 


R 

-WvVA- 




Fig. 5.214 


a. RC b IRC 

c. ~RC d. J?Clog2 


75. In the question 74, if the switch is opened after the capacitor 
has been charged, it will discharge with a time constant 
a. RC b. 2 RC 


i* c 


d. RC ln2 


76. A capacitor is charged and then made to discharge through a 

resistance. The time constant is z In what time will the 
potential difference across the capacitor decrease by 10% 
a. rln (0.1) b. rln(0.9) 

c. rln (10/9) d. rln (11/10) 

77. In the question 76, after how many time constants will the 
potential difference across the capacitor fall to 10% of its 
initial value? 

a. 2 b. 2.303 


1 


0.693 


1 

0.37 


78. A capacitor charges from a cell through a resistance. The 
time constant is r In what time will the capacitor collect 
10% of its final charge? 

a. rln (0.1) b. rln (0.9) 

c. rln (L0/9) dj rln (11/10) 

79. In the question 78, after how many time constants will the 

charge on the capacitor be 10% less then its final charge? 
a. 2 b. 2.303 


c. 


1 


0.693 


0.37 


80. The charge on a capacitor decrease 7] times in time when 
it discharges through a circuit with a time constant r, 

a. t = rjz b. r= rln r) 

c. r=r(ln n- 1) d rlnf 1-- 

l n, 

81. What is the charge stored on each capacitor Cj and C 2 in the 

rirYMiir «hnu/ hpInwO 


6 a 


3 n 



Fig. 5.215 

a. 6(iC,6|iC b 6 jliO,3jliC 

c. 3 |iC, 6 jjlC d. 3 jxC, 3 p.C 

82. In the circuit shown in Fig. 5.216, find the maximum 
energy stored on the capacitor. Initially the capacitor was 
uncharged. 



a. 150jliC b lOOjitC c. 50juiO d. zero 
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83. A charge capacitor is allowed to discharge through a resistor 
by closing the key at the instant t = 0 (see Fig. 5,217). At the 
instant t = (In 4) (is, the reading of the ammeter falls half the 
initial value. The resistance of the ammeter is equal to 

C = 0.5 \iV 



Fig. 5.217 


a lMfl h l Cl c.2 Cl- . d 2 MCI 

84. In the circuit shown in Fig. 5.218, switch S is dosed at time t 
~ 0, Let/j and l 2 be the currents at any finite time /, then ratio 


1 \/ 1 2 



a is constant 

b. increase with time 

c. decreases with time 

d first increases, then decreases 
85. In the circuit shown in Fig. 5.2 L9, Cj = 2 C v Capacitor C, is 
charged to a potential of V. The current in the circuit just 
after the switch S is closed is 


I 


R 

-AWWv- 


c,±= 


-t-Ci 


S R 

Fig. 5.219 

h 2V/R 
d. V/2R 

86. A capacitor of capacitance 2|iF is connected as shown in 
Fig. 5.220 the internal resistance of the cell is 0.05. The 
amount of charge on the capacitor plates is 


SL 0 

c. 



a Zero 


2.5 V 

Fig. 5.220 

h 2juC c. 4|iC 


d 6(iC 


87. In the circuit given in Fig. 5.221 switch S is at position 1 fo 
long time. Find the total heat generated in resistor o 
resistance (2r 0 ), when the switch S is shifted from position 
to position 2. 



\\ c F 1 r 

a - u t<\h n c. — 


d None 


2 *> C 0 E\ .. 3 

88. A capacitor of capacitance 3 (IF is first charged by connectin 
it across a 10 V battery by closing key /C,, then it is allowe 
to get discharged through 2 Cl and 4 Cl resistors by closin 
the key K 2 (see Fig. 5.222). The total energy dissipated in tf 
2 Cl resistor is equal to 


A 


10 V 
—It- 


Ki c 

Ih 


k 2 


4 Q 

Fig. 5.222 

b 0.05 ml 
d None of these 
89. In the circuit in Fig. 5.223, if no current flows through tl 
galvanometer when the key k is closed, the bridge 
balanced. The balancing condition for bridge is 


a 0.5 mJ 
c. 0.15mJ 


A 


c. 2 


*2 



n 2 
^2 


d 

cl 


& 


-z /?i Cj 

90. A capacitor of capacitance C has charge Q. It is conne 
to an identical capacitor through a resistance. The 
produced in the resistance is 


2 C 

Q*_ 
8 C 


Q 2 

h ~ 

4C 


d. Dependent on the value of the resistance 
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91. In the circuit shown in Fig. 5.224, the ceil is ideal, with 
e.m.f = 15 V. Each resistance is of 3 Q. The potential 
difference across the capacitor is 


R = 3Cl 

C = 3 |iF 

1 1 

VS/WVv -| 

R l 

II I 

t R i 

R 5 

R 5 

—VWVvV -1 

+1 

,15 V 


Fig, 5,224 


a.0 b 9V 

c. 12 V d. 15 V 

92, A conductor of area of cross-section A having charge 
carriers, each having a charge q is subjected to a potential V. 
The number density of charge carriers in the conductor I n 
and the charge carriers along with their random motion are 
moving with a velocity v. A current I flows in the conductor. 
If j is the current density, then 

a. I y I — nqV y in the direction of current flow. 

b. I j\- nqv y in the direction opposite to current flow. 

c. I j I = nq V, in the direction perpendicular to current flow. 

d. I j I = nqv t in the direction of current flow. 

93. A conductor of area of cross-section A having charge 
carriers, each having a charge q is subjected to a potential V. 
The number density of charge carriers in the conductor is n 
and the charge carriers (along with their random motion) are 
moving with a velocity v. If * is the conductivity of the 
conductor and r is the average relaxation time, then 


a. t= 


c. 


m 

nq 2 a 
2 mO 


b. t= 


d, r- 


m<7 
nq 2 
1 mo 


nq“ 2 nq 2 

94. The temperature coefficient of resistance of conductor 
varies as a 7= 37 2 + 27. If R 0 is resistance at 7 = 0 and R be 
resistance at 7 then 

a. R = R 0 (67+2) b. R = 2 R 0 (3 + 27) 

c. R - R 0 (1 + 7 2 + 7 3 ) d. R = R q (1 - 7+ T 2 + 7 3 ) 

95. A straight conductor of uniform cross-section carries a time 


varying current which varies at the rate — = /. If s is the 

dt 

specific charge that is carried by each charge carrier of the 
conductor and i is the length of the conductor then the total 
force experienced by all the charge carriers per unit length 
of the conductor due to their drift velocities only is 


a. F- Is 


b. F = 


IsSTs 


c , F= L d .f=V-L 

S S 

96. A block of metal is made in the cuboid form with all edges 
of unequal length. The shortest length is one-third the 


longest one. If and /? min are the maximum and 
minimum resistance between parallel faces then, 


a. 


D 

n mnx _ ^ 
*min 


b. 


p 

^roax _ ^ 
*mi n 


C . —— = 3 d. Data insufficient 

^min 

97. Sixteen resistors each of resistance 16Q are connected in 
the circuit as shown in Fig.^ 5.225. The net resistance 
between AB is 

a. 1 Q. b. 2 Q. 



A B 


Fig. 5.225 


98, The circuit diagram shown in the Fig. 5.226 consists of a 
large number of elements (each element has two resistors 
/?j an R 2 )* The resistance of the resistors in each subsequent 

element differs by a factor of k - — from the resistances of 

2 

the resistors in the previous elements. The equivalent 
resistance between A and B shown in Fig. 5.226 is 



a* u 

2 2 , ■ 

(R\ — R 2 ) + '\Jr^ + R\ +6RyR 2 

C ‘ 2 
d. None of these 

99. The resistance of all the wires between any two adjacent 
dots is /?. The equivalent resistance between A and B as 
shown in Fig. 5.227 is 

a. -R | b. -R 

3 6 

14 

c. — R d. None of these 

8 



Fig. 5.227 

100. There is an infinite wire grid with cells in the form of 
equilateral triangles. The resistance of each wire between 
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neighboring joint connections is 7? 0 . The net resistance of 
the whole grid between the points A and B as shown in 
Fig. 5.228 is 


a. R 0 




101. The equivalent resistance between A and B (of the circuit as 
shown in Fig. 5.229) is 


70 



4a 

Fig. 5.229 


a. 4.50 h 120 c. 5.40 d20O 

102. For the circuit shown in Fig. 5.230 the equivalent resistance 
between A and Cis 


12 

a. —r 

n 



. 15 
d 77 r 


103. In a series RC circuit a steady state charge of IOjuC is 
established in time of 10 ms. If l ms is the time constant of 
the circuit and 3[iC is the charge at any instant for the 
growth part then the decay charge in the circuit is 

a. ^ = 3juC b. qj = 7pC 

c. qj = ~ 3\iC d, qj = - 7|iC 

104. ABCD is square (see Fig. 5.231) where each side is a uniform 
wire of resistance lO. A point E lies on CD such that if a 
uniform wire of resistance 10 is connected across AE and 
constant potential difference is applied across A and C then 
B and E are equipotentiaL 


a. 


c. 


a i a b 



ED ED 

CE = _L CE 

ED ~ -J5 ED 


2 

V2 


105. In the circuit shown in Fig. 5.232 each battery is 5 V and has 
an internal resistance of 0.2 O. The reading of the voltmeter 
is V. Then Vequals. 


j* 



Fig. 5.232 

a. 5V h 10V c. 15 V d. Zero 


Multiple Correct 
Answer Type 


Solutions on page 5 .76 


1. In the network shown in Fig. 5.233, points A, B, and Care at 
potentials of 70 V, 0, and 10 V, respectively. 

ft (0 V) 



a. Point D is at a potential of 40V. 

b. The currents in the sections AD, DB, DC are inthe ratio 
3:2:1 

c. The currents in the sections AD, DB, DC are in the ratio 
1:2:3. 

d The network draws a total power of 200 W. 

2. When some potential difference is maintained between 
A and B, current 7 enters the network at A and leaves at B 
see Fig. 5.234. 

a. The equivalent resistance between A and B is 8 £2 
20 n c 5 a 

A 

•— 

i 

s a d 20 a 

Fig. 5.234 

h C and D are at the same potential. 

c. No current flows between C and D 

d. Current 31/5 flows from D to C. 

3. In the circuit shown in Fig. 5.235, the cell has e.m.f= lOVand 
internal resistance = ID 



30 n C 2 Cl E 2 Cl 

£=10V 


a. The current through the 3 - D resistor is 1 A 
h The current through the 3 - D resistor is 0.5 A 
. c. The current through the 4 - Cl resistor is 0.5 A 
rl Th^ rnnv>nt UnviuaVi 4 — 0 ic H 9S A 



2 Cl D 2 Cl F 20 


Fig. 5.235 
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4. In the circuit shown in the Fig. 5.236, some potential 
difference is applied between A and B . The equivalent 
resistance between A and B is R . 


20 


A 

----WAV.- 

3 a 5 a 

40 B 


60 



Fig. 5.236 


a. No current flows through the 5 - Q resistor. 

b, R = 15 n c. R-[2.5 & 


5. A battery of e.m.f E and internal resistance r is connected R. 
Resistance R can be adjusted to any value greater than or 
equal to zero. A graph is plotted between the current passing 
through the resistance (/) and potential difference (V) across 
it. Select the correct alternatives 


V (volt) 



Fig. 5.237 

a internal resistance of the battery is 5 Cl 

b, emf of the battery is 1 0 V 

c. maximum current which can be taken from the battery is 
2 A 

d V-I graph can never be a straight lines as shown in the 
Fig. 5.237 

6 . In the given circuit (Fig. 5.238) 

2 0 P 2 0 

-VAW,-#-WAV-- 

20 V, 1.6 0 


20 AO 

-WAW -..» -- WAVr 

Q 

Fig. 5.238 

a The current through the battery is 5 A 

b. P and Q are at the same potential 

c. P is 2 V higher than Q 

d. Q Is 2 V higher than.F 

7. For the batteries shown in Fig. 5.239, £ h R ly and £ 3 are the 
internal resistances of E u £ 2 , and £ 3 , respectively. Then, 
which of the following is/are correct? 



Firr C WO 


a Equivalent internal resistance R of the system is given 

^ 1^2 ^3 


by: 


R { R 2 + R 2 Ry + 


(Ei + E 2 R \) 

h If £3 =^—r-r——, equivalent e.m.f of the batteries 

(Rk+Rj\ 


will be equal to £ 3 . 

c Equivalent e.m.f of the battery is equal to 

£ = (£, + £ 2 + £ 3 ) 73 . 

d Equivalent emf of the battery not only depends upon 
values of £,, £ 2 and £ 3 but depends upon values of £ h 
R 2 y and £3 also. 

8 , A single battery is connected to three resistances as shown 
in Fig. 5.240. 


7a 



& The current through 7 Cl resistance is 4 A. 
h The current through 3 Q resistance is 4 A. 

e. The current through 6 Cl resistance is 2 A. 
d The current through 7 Cl resistance is 0. 

9. The charge flowing in a conductor varies with time as 
Q = at - bl 2 . Then, the current 
a. decreases linearly with time 
h reaches a maximum and then decreases 

c, falls to zero after time t - — 

2b 

d changes at a rate -2b 

10. The potential difference between the points A and B in the 
circuit shown in Fig. 5.241 is'16 V. Then; 


iO 

[~9 V 
! h 

in 

\l 

- 3 V 
7 ll 

1 a 

30 


! ii 


1 

IJ 




1 _ 

-WAW- 

1 





2 a 


Fig. 5.241 


a. the current through the 2 Cl resistance is 3.5 A 

h the current through the 4 Cl resistance is 2.5 A 

c. the current through the 3 Cl resistance is 1.5 A 

d the potential difference between the terminals of the 9 V 
battery is 7 V 

11. In the circuit shown in Fig. 5.242, mark the correct options. 

Jt = 6. OO R = 4.00 


fi — 


$ * WvWA- 

nn 


-WWMM—1 


•^VWW^— <1 


21 a 

2.0 0 


6.QV ^ 12 V 

1.0 a j .o a g Q v 


12V 


c 
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a. Potential drop across R { is 3.2 V. 
h Potential drop across R 2 is 5.4 V, 

c. Potential drop across R x is 7.2 V. 

d. Potential drop across R 2 is 4,8 V. 

12, In the given circuit (as shown in Fig. 5.243) 



a. The equivalent resistance between C and G is 3 k£2 

b . The current provided by the source is 4 mA. 

c. The current provided by the source is 8 mA. 

d. Voltage across points G and E is 4 V 

13. Study (he following circuit diagram in Fig. 5.244 and mark 
the correct options. 


V = 18.0 V 


600 0 


a 

3.00 0 



Fig. 5.244 

a. The potential of point a with respect to point b in Figure 
when swilch S is open is - 6 V 

b . The points a and b , are at the same potential, when 5 is 
opened. 

c The charge flows through switch S when it is closed is 
54 jiC. 

. d. The final potential of b with respect to ground when switch 
S is closed is 8 V 

14. The capacitor C is initially without charge. X is now joined 
to V'for a long time, during which //, heat is produced in the 
resistance R. X is now joined to Z for a long time, during 
which H 2 heat is produced in (see Fig. 5.245)7?. 

C 

i— II— —WVW-L 



Fig. 5.245 


c .//,=2 H 2 

d The maximum energy stored in C at any lime is H ] * 

15. In the question 14, the energy supplied by the cell during 
charging is equal to 

a //, b. H 2 

c. 2 //* d //,+// 2 

16. In the circuit shown in Fig. 5.246, the cell is ideal, with e.m.f 
= 2 V. The resistance of the coil of (he galvanometer G is 1 Cl. 
Then 


c 



a. no current flows in G 
hi 0.2 A current flows in G 
c. potential difference across Cj is 1V 
d potential difference across C*is 1.2 V 

17. In the circuit given in Fig. 5.247 the resistances = R 2 
= # 3 = R 4 = 4 ft and R s = R 6 = R n = R% - 12 Cl and the 
capacitors Q - C 2 = C 3 = = l|iF and C 5 = C 6 = C 7 = C 8 

= 3 |iF, Cp = 5 |iF, are arranged with a battery of e.m.f £. Point 
0 is earthed 



a The reading of the ammeter long time after closing the 
switch is 2 A. 

h If just after closing the key the ammeter reads 2 A then the 
valueof^isb V. 

c. The charge on C\ capacitor at steady state is 3 |iC. 
d The heal developed in the circuit long time after closing 
the key is72juj. 

18. A number of resistors R 2 , Ry are connected in 
series such that R s is the equivalent resistance of series 
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combination. A current / is flowing in the circuit due to a 
potential V applied across the circuit. V u V 2 , V 3 , ■■ are 
potential across R )f R 2 , R ■ ■ respectively, 
a. Same current / will flow through each resistor, 
bi V, + P 2 + V 3 + ■■■-]/ 


V,=|^|V;V 2 =|^ 




R,) 


V ; V, = 


J 


V; 


d Data insufficient 

19. Two circuits (as shown in Fig, 5.248) are called Circuits and 
Circuit B, The equivalent resistance of Circuit A is x and that 
of Circuit B is y between 1 and 2. 


1 

2 


2 R in 2 R 

—Vw-W- 


2 R 2 R 

-Wv*vW- 


-WMV-—VvVwVv-|-WAVV—r—WVWy—i-S 

R p iR ]:R p 


'‘Circuit A 


2 R 2 R 2 R 2 R 2 R 

'~TTTTT- 

Circuit B 


Fig. 5.248 


a y>x h y = (\f3 + Y)R 

z, xy-2 R 1 d x-y~2R 

20. A cube is made of twelve identical wires each of resistance 
R 0 . The equivalent resistance between die two points lying 
on the diagonal corners of cube is x and the equivalent 
resistance between the two opposite corners of a face of 
cube jsy. 


JO 

a?|2 

il 

1 

* 

.d 

9 

10 

d,-v=^ 

7 

4 


Assertion-Reasoning 

Type 


Solutions on page 5.79 


In the following questions, each question contains STATEMENT I 
(Assertion) and STATEMENT [I (Reason). Each question has 
four choices a> b, c, and d out of which ONLY ONE is correct. 


a. Statement l is True, Statement II is True ; Statement II is a 
correct explanation for Statement I. 
h Statement! is True, Statement II is True; Statement II Is NOT 
a correct explanation for Statement 1. 
c. Statement J is True, Statement II is False, 
d Statement I is False, Statement II is True. 


1. Statement I: When a wire is stretched so that its diameter is 
halved then its resistance become 16 times. 

Statement II; Resistance of wire decrease with increase in 
length. 

2. Statement I: The value of temperature coefficient of 
resistance is positive for metals. 

Statement II: The temperature coefficient of resistance for 
insulator is also positive. 


3. Statement I: When an insulated wire is bent, its resistivity 
increases 

Statement II: On bending, the velocity of electron 
decreases. 

4. Statement I: If the radius of copper wire carrying a current is 
doubled, then the drift velocity of the electrons will become 
one fourth. 

Statement II: Drift velocity will change according to the 
relation, I = neAv d . 

5. Statement I: A'wire of resistance R is bent in the form of a 
circle. The resistance between two points on circumference 
of the wire or at the end of diameter is RI4 . 

Statement II: The resistance between the two points on 
circumference of the circle will be the parallel combination 
of two resistances of upper and lower parts of the circle. 

6 . Statement I: The equivalent resistance in series combination 
is larger than even the largest individual resistance. 
Statement II: The equivalent resistance of the parallel 
combination is smaller than even the smallest resistance. 

7. Statement I: If a wire is stretched to increase its length n 
times then its resistance also become n times. 

Statement II: Resistance of the wire is directly proportional 
to its length. 

8 . Statement I: Two unequal resistances are connected in 
parallel across a cell, then current through the smaller 
resistor is more. 

Statement II: More current will flow through a larger resister. 

9. Statement I: Two unequal resistances are connected in 
series across a cell, then potential drop across the larger 
resistance is more. 

Statement II: The current will be same in both unequal 
resistances. 

10. Statement I: A piece of copper and other of germanium arc 
cooled from room temperature to 100 K conductivity of 
copper increases and that of germanium decreases. 
Statement II: Copper has positive temperature coefficient 
where as germanium has negative temperature coefficient, 

11. Statement I: Current flows in a conductor only when there is 
an electric Held within the conductor. 

Statement II: The drift velocity of electrons in the presence 
of electric field decreases. 


12 . Statement b I f the length of a conductor is doubled, the drift 
velocity will become half of the original value (keeping 
potential difference unchanged). 

Statement 11: At constant potential diffejencedrift velocity 
is inversely proportional to the length of the conductor. 


Comprehension 

Type 


Solutions on page 5.80 


For Problems 1-3 

Find the current supplied by the battery in the circuit in each case 
(i), (ii), and (lii) as shown in Fig. 5.249. 
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Fig. 5.249 


1. a. 4 A Ik 3 A c. 12A d. 5 A 

2. a. 9A b, 4 A c. 12 A d, 3 A . 

3. a, 5 A b, 15 A c. 10 A d. 25 A 

For Problems4-6 

Fig. 5.250 shows two ideal voltmeters and an ammeter which are 
connected across the various circuit elements. If the voltmeter 
connected across 9 12 resistance reads 4.5 V, then answer the 
following problems. 



4. The current through 12 £2 resistance is 

a. 0.1 A b» 0.75 A c. 0.5 A d. 1.25 A 

5. The reading of the voltmeter connected across 20 £2 
resistance 

a. 15 V b. 10 V c. 5 V d. 22.5 V 

6. The reading of the ammeter is 

a. 0.5 A b. 2.25 A c. 1.5 A d. 0.1 A 


For Problems 7 -9 


A network of resistance is constructed with R t and R 2 as shown 
in Fig. 5.251. The potential at the points 1* 2, 3 ■■■ N are V { , V 2 > 
V 3l respectively, each having a potential K times smaller 
than the previous one. 



a. k 2 


1 

~k 


c. k 



h 

d. 


k 

k-[ 

q-D 2 

k 


8. The ratio — is 


9. 


(k- D 2 
a k 



c. 


k 

k-1 


d. 


k 


k 2 


The current that passes through the resistance R 2 nearest to 
the V 0 is 


(*-i) 2 Vq h (*+l) 2 V 0 

k k R ^ 



For Problems 10 -12 

Relation between current in conductor and time is shown in 
Fig. 5.252, then determine: 



10. Total charge flown through the conductor is 

a. /(/q/2 b. Vo c - f V(/4 d. 2/ 0 / 0 

11, Write the expression of current in terms of time. 

. . /. 
a. / = / 0 - 

; o 


b. / = / 0 | l+ — 


C. i —/n I —-1 
tn 


d. f = / n 


i-— 


'0 ; V '0 , 

12. If the resistance of conductor is R> then total heat dissipated 
across resistance R is 


'u R f () 

2 


b. 


ip Rl 0 



d . i >/ 0 


For Problems 13 -16 

Consider the circuit shown in Fig. 5.253. 



13. Find the current i flowing through the circuit when the key 
A'i is open and K 2 is closed. 

a. Ill 14 A b. 23/12 A 

c. 33/ 14 A d. 35 / 11 A 

14, Find the net change on the capacitor when K\ is open 

a. 0 b. 4.8 [xC c, 2.4 juC d. 1.8 jllC 
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15. What is the change in the current i, when K { is closed ? 

a 1.8 A h 0.14A 

c. 0.34 A d 2.3 A 

16. The charge of the capacitor when K\ is closed 

a.72pC h 9.5 pC 

c. 4.8 |iC A L2pC 

For Problems 17 -19 

Consider the circuit shown in Fig. 5.254. 



17. The value of /, is 

a 7/9 A h 14/13 A 

c. 14/3 A 

d 17/23 A 

18. The potential of point B is 
a. 27/34 V h 46/13 V 

c. 1/2V 

d 61/49 V 

19. The charge in capacitor is 
a 2 jliC h 4pC 

c. 6 jliC 

d 8|uC 

Matching Column Type 1 

Solutions on page 5.82 


1. A capacitor of capacitance 0. / |iF is connected to a battery 
of e.m.f 8 V (as shown in Fig. 5.255) under the steady state 
condition. 



ion 


Column I 

Col umn D 

l. Charge on the capacitor 

a. 0,4 pC 

11. Charge in AC branch 

b, 0.2 A 

ill. Current in AB branch 

C. 0.1 A 


rv. Current in R connected 

d 0.4 A 

between M and N. 



2. A network consisting of three resistors, three batteries, and 
a capacitor is shown in Fig. 5.256. 


A B C 



F E 

Fig. 5.256 

’ 1 D 

.12 V 

Column I 

Column n 

i. Current in branch EB is 

a. 10 pC 

11. Current In branch CB is 

" bt 0.5 A 

ill. Current in branch ED is 

c. 1.5 A 

iv. Charge on capacitor is 

d 5 pC 


3. A circuit is shown in Fig. 5.257.7? is a non zero variable with 
Finite resistance, e is some unknown emf with polarities as 
shown. Match the columns 



Fig. 5.257 


Column I 

Column D 

i. Current passing through 

4 Cl resistance can be zero 

ii. Current passing through 

4 Cl resistance can be 
from F to C direction 

iii. Current passing through 

4 Q resistance can be 
from C to ^direction 

iv. Current passing through 

2 Cl resistance will be 
from Flo A direction 

a possible if e = 6 V 

b. possible i(e> 6 V 

c. possible if e<6\ 

d possible for any value of 
e from zero to infinity 


ANSWERS AND SOLUTIONS 


Subjective Type 


1. From the given currents in the diagram, the current through 
the middle branch of the circuit must be 1.00 A (the difference 
between 2.00 A and 1.00 A). We now use Kirchoff's rules, 
passing counterclockwise around the top loop: 

200 V - (1.00 A) (6.00 Cl + 1.00 Cl) + (1.00 A) 
(4.000+ 1.00 n)-£,=0 
=* £, = 18.0 V 


Now traveling around the external loop of the circuit: 

20.0 V - (1.00 A) (6.00 O + 1.00 Cl) - (2.00 A) (1.00 Q 
+ 2.00Q)-e 1 =0 => £j = 7.0V 

V„ h = -(1.00 A) (4.000+ 1.000)+ 18.0V 

= + 13.0 V 

V to =-13.0 V 


So, 
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12 _ 6 ^ 

2. Case I: Current in the circuit =-= — = 1.2 A 

3 + 2 5 

V A ~V B = 12-3x1.2= 12-3.6 = 8.4V 

• V c -V a = 6 + 2x 1,2 = 6 + 2.4 = 8.4V 

Hence V m -V n = 8.4 V, 

„ „ 12 + 6 18 „ „ 

Case II:-= — = 3.6 A 

3 + 2 5 

V A -V a = 12-3.6x3= 12— J0.8 = 1.2 V 
V P -V c - 6 -3.6x2 = 6-7.2 = - 1.2 V 
V c -V d = + 1.2V 
=> v - V = 12 V 

m r N 

3. Temperature coefficients of the material is given by 


a- 


* 2 ~*, 


Here 


/. 1.70 x 10 " 4 = 

Or (t 2 - 27) = 


L70x I0“ 4 o C _1 

/, = 27 °C, = 100 Q, and /? ? = 117 Q 

177-100 


100(r 2 -27) 
177-100 


17 


Or 


lOOx 1.70 xlO " 4 1.70x10 
h= 1000 + 27= 1027 °C 


-2 


= 1000 


a= 




20 ' 


7^/ x 273 

20-10 1 1 


10x273 273 273 


°C -l or K - 1 


5. Given that: 


r- -mm = 2 mm = 2 xl 0 ^m 
2 

t- 100m ( 0 - 10°C,/2 = 120 °C 
R h = 0.408 0.508 Q 

i. Temperature coefficient of resistance is given by 

K -K 0.508-0.408 


a- 


l + flff 0.408(120-10) 
it. We know that, R t = R 0 (1 + ar/|) 


= 2.2 x 10" J C 


-3r^l 


or 




Rh 


0.408 


0.408 


0 1 +#/, l + 2 . 2 x lO -3 xlO 1*022 

iii: Resistivity at 0 °C is given by 

_ RpA _ R 0 7rr 

Po ~ t e 

0.4x3.14x^2 XlO -3 ) 2 
100 

Resistivity at 120°C is given by: 


^ 0.4 0 


Qm = 5.02x 10 8 Om 


/>20 = AO + «0 

= 5.02x 10-*(1 + 2.2x 10“ 3 x 120)Qm 
= 5.02 x 10 “ 8 x 1.264 Om = 5.34 x 10" 8 Qm 
6 , i. Terminal voltage of the battery is given by, 

V=E-IR 

Here E= 12V, / = 90A, r = 5.0 x )0' 2 n 

V= 121 -90x5.0x 10 " 2 = J2-4.5 = 7.5 V 

ii. The maximum current can be drawn from the battery by 
short circuiting it. At that time, V = 0, hence 

E 12 V 

E - Jr = 0 or 1 = — = --= A = 24 mA 

;)1 /* 500 

Obviously, on short-circuiting, the battery will be 
discharged and will need recharging. 

iii. During charge, (he current flows in the opposite direction, 
i.e., from positive to negative terminal inside the cell. 
Hence during the charging, 

V=E+lr or V>E>12V 

This means that the terminal voltage of the battery during 
charging is greater than its e.m.f 12 V. 

7* Given that E= 8.0 V, V = 120 V, r = 0.5 0, and 
= 15.5 0 

Current in the circuit during charging is given by 

Total voltage _ V~E ^ 120-8 112 

Total resistance R + r 15.5 + 0.5 16 . 

= 70 

During charging, the current flows inside the battery in a 
direction opposite to that during discharge. Hence the 
terminal voltage of the battery during charging is 
= £ + 7/*=8 + 7 x0.5 = 11.5 V 
A series resistor in the charging circuit limits the current 
drawn from the external source. In its absence, the current 
will be dangerously high. 

8 . Let R An = a - ls equivalent resistance of system between A and 
B. As the resistance of a conductor is directly proportional to 
length, the equivalent resistance between A 1 and B { will be 

x 

—. Therefore, the equivalent circuit becomes as given below 
• in Fig. 5.258. 


c 



Let AB- 2r, then A X C~ CB { =AA { - BB l = r. 


In the circuit 2rand — are in parallel between A x and B { > then 


































Electric Current and Circuits 5.63 


their effective resistance is 




2 rx 
4r + x 


Now R , is in series with AA , and ££ j, therefore, their effective 
resistance is 


2 rx 

R 2 = R, +2r= - -+ 2 r 

1 1 4 r + x 

R 2 is in parallel with 2r (of AB), so the net effective resistance 
across AB is 


x- 


R 2 x 2 r 


( 2rx 
y4r + A 


+ 2 r 


S i+ 2 r (jn_ + 2 X 2r 
\4r + x ) 


=* 3^ + 4r* - 8 r 2 = 0 or x = 
As x cannot be negative 


-4r + 


7 ^ 


+ 4x3 x 8 r 


2x3 


-4r±7l6r 2 +96r 2 (2^7-2) 

* = i-= ---r 

6 3 

But r = —p 
2 H 

2(77-l) 

^ = --— -x~p = 0.55ap 

9. When a steady state is reached, no current passes through the 
capacitor and therefore, there is no current in the CE branch 
of the network. 

Considering the loop ABEFA, 5(1 { + / 2 ) = 10 
or 1 Y + 1 2 = 2 (i) 

Considering the loop BCDEB , 41 2 = 12 - 10 = 2 
=* / a = 0.5 A 

7, = 2-0.5= 1.5 A 

To find the charge on the capacitor, we must know the 
potential difference across the plates. Consider the closed 
loop CEDCE 

- I2 + 4 / 2 + 3x(0)-V c + 8 =0 
or -12 + 2-V c + 8 = 0 or V C = -2V 

The negative sign indicates that the plate of the capacitor 
nearer to E is negative and the one nearer to C is positive, 
charge on the capacitor, 

. Q=CV 

- 5pF x 2.0 V = 10 liC 

10. In the given circuit of Fig. 5.259 there is no series or parallel 
combination of resistances. Therefore, to calculate its 
equivalent resistance, a battery of voltage V is to be 
connected across terminals A and B. 

If the circuit draws a current / from the battery, its equivalent 
resistance will be equal to R = VII. 

Given that the combination is symmetric about centre C. 


Therefore, current through various components will be as 
shown in figure. 



Fig. 5.259 

Applying Kirchhoff *s voltage law on mesh DCKLD 


3Q/ 3 -47 4 -87 2 + 67,=0 (i) 

For mesh DECD, 

32 (1 2 - / 3 ) - 2(/ 2 - 1 4 -/, + 7 3 ) - 30/3 = 0 (ii) 

For mesh KCJK, il** 

5/4 - 2(7 2 - 7< - /, + / 3 ) - 4 (/ 2 - I A ) = 0 (iii) 

For mesh ALKJHGBNMA , 

8/ 2 + 4(7 2 - 7 4 ) + 32(7, - I y ) + 61 1 - V± 0 (iv) 

Solving equations (i), (ii), (iii), and (iv) 

, _ y_ _y_ _ 

1 42’ 2 21* 3 84’ 4 42 

Equivalent resistance, 


V 

7? = -= 14 ft 
l 

But the total current drawn by the circuit from battery is equal 
to 

/= — 

14 

equivalent resistance, 

V 

R= — = 14C1 
I 

11. Applying KVL in the loop of ABCD . ' 

= (/ + 0.05)R l + IR 2 => 7 = - 20 A , 

Current through 7?, - 30 mA towards right , , 

Current through R 2 = 20 mA towards left. . 

Applying KVL in loop BGEF 
>.:■& 75 2 = (7 +.0.05) 100 + (0.05)20 ^ 

12. The simplified circuit is shown in Fig. 5.260. We ha\te to lino L 
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20 V 
20 


Let the pi mhl of point P be 0 . Potential at other points are 
shown in 5.260. Apply Kirchoff's current law at X x . 


.V — 10 1 0 *-20 (*- 10)-0 a 

--4.-f-+ --'— = 0 

4,4 2 


.v-IO+: ■■20 + .v-20 + 2jt-20 = 0 


35 20 "T 25 

6 jc= 70 => x= —V,/=-— = — A 

3 4 12 


,, (v-10)-l0 v-0 v-5 „ 

13. ----+-+-=0 



r-20 v 

-+ - + v-5 =0 

2 2 


v - 20 + v + 2 (v — 5) = 0 - 4 v - 20 - 10 = 0 


= 30 = 15 
V ~ 4 2 


_ IS 15-10 5 
V 2 2 ~2 


5/2 = 5 
1 1 _ 2 A 


14. In steady state, currenl will flow as shown in the Pig. 5.262. 
/= 6/(10+10) = 0.30 A 

P.d. across C : is same as that across 10 Q on left side. 

So V) = l0/=3 V 

Chargeon C,: q, - C, V| = 1 x3 = 3 )iC 



We can see that p.d. across C 2 is 6 V. 

So charge on C 2 : q 2 = C 2 V 2 = 2x6=12 fiC 


IS. Voltage across AB - V, Voltage across A'B' - — 


i.e., Voltage across R 2 -= — 


A ■ /■ 

•—► VVvVVw - 


t 

V 

\ 


A’ R 1 

VVWM- 


ill 

*2 


vn 


B 


B' 

Fig. 5.263 

Now from Kirchhoff *s law it is obvious that voltage across 


V V 
R, = V —■ = — 

i 2 2 


When the voltage is halved, current is also halved, i.e., curren 


in R 2 is half of that in /?,. So R } i ~R 2 ^ => — = ~ 

2 R^ 2 


Now the attenuation produced by the circuit on termination l 
a resistance will not be affected if equivalent resistance f 
becomes independent of number of sections in the circuit 
This is only possible if the terminating resistance R 0 is itseli 
equal to equivalent resistance (Fig. 5.263). The equivaleni 


„ , , RflR 2 

resistance of R 0 and R 2 is R ~ — 


R 0 +/? 2 


7?| is in series with it, so equivalent resistance between A and 


B is R | + R' = R y + 


RqRi 


R 0 + 


According to proposition = 7?, + 


RqRi 


R q + R 2 


Solving for 7? 0 , we get R 0 = — 


J 


V 

l *. JJ 


Thus the circuit may be terminated after a few sections if 
resistance R 0 is connected in parallel as shown in Fig. 5.263. 

16. a For / = 0 to / = (2 R 2 + 7^)0, capacitor gets charged from all 
the three resistors. So 


q = CE 


(2/? 2 +/?,)C 


, put/= (27^ + /^) C 


<h = CE[ !-«-'] = 


CE(e- 1) 


Now battery is disconnected and the capacitor gets dis¬ 
charged through R ( after S } is opened and S 2 is closed. So 

(2R 1+ 2R { )C 

co 2 dq 


cmdq_ _ ' r dt 

• " J jp .r ' 


J 0 \ q 


(IR^RJC 


RiC 


q, _CE(e- 1) 

= 7 ■ 


Fig. 5.262 
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h Since battery is disconnected at this time, so there is no 
current in R 2 > 

17. The current distribution is indicated in Fig. 5.264 below. 
When the condenser has been fully charged there will be no 
current in this branch. \ I . 


300 Cl ij , 

£i-WWV— 4 ' : ■ 


' 2 ' 

}M 

' V 
\ - 


i 


200 n 

-AA/WV- 


■IV 


10 Cl 


/ o^i.r 
i .4v 


_ j i 

'Fig. 5.264 


Applying KirchhofT.s law to meshes NLKMN and PNMOP\ 

- ■■ ■’ ■ (o 


30j 2 -20<V= 1 
l o/1 + 20/3 = 

Applying Kirchoff s first law of junction M 
h + h =i \ ' 

Solvihg equations (i), (ii), and (iii), we get 
i 2 ~ / 3 = O.IA; I, = 0.2 A 
Considering mesh PBALP , we have 
V AQ -1 = — 1 Oz | — — 10x0.2 = -2 
. ^=-2+1=-IV 


18. For part (a) and (b) 



For BAD: V B + 2(/ - q) + 1 (/ - /,) - 4q = V D 
=> 3i — 7/1 — — 4 
For BCD: 6/-10q=4 

/] = 3 A, i - 17/3 A 

Current in AC = q = 3 A, In ABC - / - q = 8/3 A 
To find E\ E=8q = 24V 

/ - 2/3 = q + i 2 



00 

(iii) 


0 ) 


(ii) 


Also 3/ 2 + 3/ 2 + 4/ 3 

From equations (ii) and (iii) 

— — 3/1 + 2/ 

C 

From equations (i) and (iii) 

— = 3/ 2 + 7 
2C 2 


X = 6 / +4/ 
C ‘ 3 


(iii) 




— 3(/1 + / 2 ) + 3; —— — 61 

C2C 2C 


4 C 


-dq q 

--= => q — q^e 

dt 4 C 1 70 




=> 5.92 = L 6 e Ax4 *' 5 ~ 6 => /=16|is 

19. Let a battery of emf E is applied between the points A and B. 
Let a current 7 enters through point A. If R aB is equivalent 
resistance between the points A and B , then from Ohm's law 
R ab 1 = E', (i) 

The distribution, of currents, keeping in mind symmetry 
condition, is shown in Fig. 5.266. 



Let R (= 2 Q) be the resistance of each wire. 

Applying Kirchhoffs second law to mesh DGFC , we get 

L-i l y + (i-2i l )R+^-i l y~/ l R=o 


or 21 |+(/-2/,)-/, =0 


or 


27-57, = 0 or 7, = -7 


(ii) 


Applying Kirchhoff’s second law to external circuit AHEBE?> 


we get ^fl + 7^ + ^7? = E' 

JR+-1R=E' or - 1R = E' 
5 5 

Comparing (i) and (iii), we get 

R AB = —R = —x2 = 2.4H 


Oil) 
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20, i. In steady state, no current will flow through the circuit if S 
is opened. So the potential of a will be 18 V, and that of b 
will be zero. 


Hence V a -V h = 18-0=18V 

ii. Obviously a is at the higher potential, 

iii. When S is closed, finally in steady state, current 7 will 
flow as shown in Fig. 5.267. 



Fig. 5.267 


7 = -2 A, V. = 67 = 6x2= 12 V 

6 + 3 

V b = 18- Vj = 18-12 = 6 V 
iv. q x = C x V { = 6 x 12 = 72 jliC, 

V, + V 2 =18 => V 2 = 6 V l ^ = C 2 V 2 = 3x6= 18fJiC 

Before closing 5, the potential on each capacitor is 18 V 
and charge: q l0 = 6 x 18 = 108 juC, 

^20 = 3 x 18 — 54 jliC 

Change in charge; q y -q w = - 36 jliC and 
<h - <?20 = - 3.6 ftC 

21 . Due to sources, currents flow through resistance R u R 2i and 
R 3 and capacitor gets charged. Due to charge, an electric field 
is established in the capacitor whose magnitude cannot 
exceed di~ electric strength £ 0 of air. Maximum safe value of 
^corresponds to the maximum possible charge on capacitor. 
Let the maximum possible charge on capacitor be q 0 . 

Then the electric field inside the capacitor, . 



€ A 

q 0 = A£$E 0 = 15,000, and C = = 5f 0 Farad 

d 

Since, in steady state no current flows through the capacitor, 
therefore, current through various parts of the circuit will be 
as shown in Fig.5.268. 



Now analysing the circuit in a steady state. 

First applying KirchhofFs voltage law on mesh ABJA t 

-7 2 K l +V+/l 2 (/ J -/ 2 ) = 0 => 2/j - 5 / 2 = - V 
For mesh A JDFGA: 

-R 1 (I l -h) = -R3I [ + V=0 
=> 3/, - 2 / 2 = V 

7V 5V 

From equations (i) and (ii): I y = — and 1 2 = — 

Now applying Kirchhoff’s voltage law on mesh BDJB: 


§ + -V = 0 


4 CV 20 ■ 

,= -ir’TT £ ' v 


But maximum possible value of. 4 is q 0 = 15,000 f 0 
maximum safe value of 


V = 1^2. = 8250 V = 8,25 kV 

20 £q , 

22 . Since, in steady state no current flows through the capacitors, 
therefore, the current through 1 Q. resistor becomes zero. 
Current through resistors and charge on capacitors will be as 
shown in Fig. 5.269. 



Applying KVL on mesh MACDA 
27+37 + 37 + 2/-10 = 0 => 7= 1 A 

Mesh MABM\ 10-27-——r = 0 => g, = 16|uC 
2 x 10 -6 Vl 


Mesh MBDM: -r-27 = 0 => q 2 = ~ 4]lC 

2x 10" 6 2 

Mesh MDCNM: 27+37-- — r =* q 2 = 5 \iC 

(1x10 6 ) * 

Energy stored in capacitors, U = 


2 2 2 
_ 7 l + ?2 + ?3 

2x(2xl0' 6 ) 2x(2xl0+ 2 x(1x10~ 6 ) 

= 80.5 x 10" 6 J 

Rate of supply of energy be battery is P = El 


= 10 x 1 = 10 W 

23. q 0 = CE , qtjl = q 0 e-'' ,RC =*1 { =RC ln2 




Now 


f dq ’[ 
J CE-q { 


loll 


_dt_ 

3 RC 


i 2 = ZRC ln2 


From here we get: /, // 2 = 1/3 


Fig. 5.268 
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24 . In the steady state, no current passes through upper three 
12 

resistors. So / = ' ^ = 0.3 A 

10 + 30 


-AAAAAr 

60 a 

.30 i 


20 Cl 

-AAAAAr 


4 __ C| =20 jiF __ Ci“]0nF 
+ 


■~>rAMAA ——b 
3on 


—VWW - 

10C2 12V 

Fig. 5.270 

Potential difference between A and B: 
V= 30x0.3=9 V 

Now in loop ACDBA: -r~ + -r- = 9 


c, c 2 


-i + i -9 
20 10 


>■ <? = 60jiC 

a. Potential difference across Cj : V { = = rr = 3V 


C, 20 


Potential difference across C 9 :V 9 = — = — = 6 V 

2 2 C 2 10 

h After £ is opened, 12 V will be out of circuit, capacitors 
will act as batteries as shown in Fig. 5.271. 


3V 


60 n '■ 

20 a 

-AAAAAr-f- 


30 a 

I-VWA— 1 

Fig. 5.271 
Now one can find, 7j = 0.375 A 


' 6V 


f 



£ = r/, + /?(/, - / 2 ) => £ = (»■ + /?) /( - £/ 2 
r/, + r/ 2 = £ (/-/,) =» (r + P)/, + W 2 =£7 


0) 

( 2 ) 


r ^2 +r U~h- R U\ ~h) 

=> (r+R)I l -(R + 2r)I 1 =rI 

(R-r)l 

2- 3 => (3r+ £) I 1 = (R~r)l=>L= i- >— 

2 3r + R ■ 

Put the above value in equation (2) hence, we get: 
(r + /?)/,+ r ^~^ 7 = £7 
(£ + /■)/ 


(3) 


=> /. = 

V 3r + * 

Put 7 t and I 2 in equation (1) 


(after simplification) 


E {R + rf R(R-r) _r(r + 3R) 
cq_ 7” 3r + /J 3r + £ 3r + £ 


Objective Type 


E E 

1. c. V='E--=— or V = £- -—-/? 

R + r R + R 


or 


2. c.2: 


V= E-— or V = - 
2 2 

12 R * 
or — + 0.6 = 6 

3 


4+0.6 

3 


Or 


R 


- 5.4 or R= 16.2 Q 


3. a. The equivalent resistance of resistors; 
4 15 

r= 2+-+^-9 a 

2 3 


/ = 


10 


r + /? 1 + 9 


= 1A 


4. d. F A + 3-3-18 = V^or V a -B b =\8V 

5. c. The resistance of the square X is given byz 

n L P 

R x = p— = — 
x H Lt t 

where p is the resistivity on the metal. 
Similarly, for R Yl 

2^ 0 

R y = p -— = — same as before. 


(2 L)t t 


Hence, 


= 1 


6. d. e.m.f = 6 V; Total resistance = 6 £1 


7= — A = 1 A 
6 


For the direction of current, look at the direction of e.m.f of 
cell of 10 V. 
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7. b. In series combination, 
/ is constant. 

R 


Kail 


Y CA 


A CA 


l 

\ 

0 -5 

7Z{1 a) 2 


or 


V AB _± 


Vca 


1 


8. c. Charge = are under the current -time graph 
q x - 2x 1 =2, q 2 = 1 x2 = 2 


and 


-x 2x 2 = 2 
2 


:< 7 2 :<? 3 = 2 : 2 : 2 = 1 : 1 : 1 

9. c.£=4V 

Total resistance = (1 + 0.9 + 1.9) Cl = 3.8 Cl 


Now, 


l=±A 

3.8 


Again, terminal potential difference across A 

= 2 —xl.9 = 2-2 = 0 
3.8 

10. b. Current I through the resistors is 
3-(-15) 


1 = 


mA =0.015 mA 


200 + 1000 
Potential at X is thus 

V x = 3 - (200 x 10 3 ) (0.0.15 x 1 Or 3 )=0 

11. d. Resistance is the gradient of V-1 graph. If the resistance 
decreases with the temperature rise (which occurs^vhen 
voltage is increased), the graph becomes less ste6p in the" 
/-axis. 

12. b. The current / through the resistance wire XY is the same. 
Since the wire is uniform, its cross-sectional area A is 
constant throughout its length. Hence, the current density is 

'4 

which is uniform through the wire ^Y. 

13. a. The equivalent of the network jis given in Fig. 5.273. 

.30 
vWAVW^ 


so 

—<MW— 


20 
—vVVW— 


40 
—nMW— 


60 

—VAAV— 


-vVvVWW- 

60 
30 

vAAWAAA- 


-WvW-AW— 

1.60 2.4 0 

—vWAAAV- 

60 

Fig. 5.273 


The equivalent of the above network is as under; 

The equivalent of the above network is a parallel 
combination of 3 Cl, 4 O, and 6 Q 

1111 
— =-h — + — 

R 3 4 6 

1 8 + 6 + 4 n 244 

/? 24 12 3 

14. b. For loop (I) 

2 +2 -4/ = 0 

4/j = 4, or /| = 1 A 



Soothe current from A to B ip 2 A. 

15. a. Theburrent density at P higher than at Q. For the same 
current flowing through t£e metallic. conductor PQ\ die 
cross sectional area at P is narrower than at Q. The resista^se 
per unit length r is given by / 




1 

r= P A 


where ^is the resistivity and A is the cross-sectional area of 
the conductor PQ. 

Thus, r is inversely proportional to the cross-sectional area 
A of the conductor. 

16. c. The number density n of conduction electrons in the 
copper is a characteristic of the copper and is about 10 29 at 
room temperature for both; the copper rod X and the thin 
copper wire Y. , 

Both X and Y carry the same current /since they are joined 
in series. 

From I=nA v 




where q is the electron charge of 1.6 x 10" I9 C, v is the drift 
velocity in the conductor ana A is the cross-sectional area of 
the conductor 

We may conclude that rod # has a lower drift velocity of 
electrons compared to wire jF since rod X has larger cross- 
sectional area. This is so because the electrons in X collide 
more often with one anotherjand with the copper ions when 
drifting towards the positive end. Thus, the mean time 
between collisions of the electrons is more in X than in Y. 
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17. a. For a given wire, R = — 

s 

with Lxs = volume =V~ constant 


So that, R= — 
s 


18. d. 


M A L 

= 0.2% increase 

pi__ pf _ pi 2 _ p£ 2 
A Ai V mid 

R _ pL = bL=pL = pL 

A At V mid 


pdf 
m 
f P 2 


_ t 
or, Ra — 
m 


m { 


25 9 J_ 
1 3 5 


= 125:15:1 

19. d. When a steady current flows in a metallic conductor of 
non uniform cross-section then the drift speed is V d - — 
and electric field 


_* I f/ 1 , p 1 

E = — => Vj ^ — and E ©= — 
a A d A A 

=* Only current remain constant. 

20. c. The potential difference between the point? and the earth 

(£,) is 15 V. As the current through 5 Q resistance is 2 A, 
therefore, potential difference between Q and 
E 2 = 5 x 2 = 10 V Hence the total potential difference between 
Pand(2-5 V. . .. 

21. c. If an Identical battery is connected in opposition, net 
emf = E - E = and the current through circuit will be zero, 
although each one of them has constant emf. 

22. b. If we move from P to B> potential will decrease. From B 
to N % there is no change in the potential difference. From ;Yto 
M potential will increase, but increase in potential will be E - 



X 


-Hh- 

M N 
E,r 

Fig. 5.275 

Finally we return to the same potential at P. 

23. a. 9 Q and 3 Cl are in parallel. Their equivalent is 


9x3 
9 + 3 



9 

Now 18 Q, 3 Cl, 6 H, and — Q are in parallel. Their equivalent 

will be 1 Q, This will be in series with 4/5 Q. 
4 9 F 1ft 

So, net R = 1 + - = - n , / = — = — =ion. 

" y 5 5 R eiJ 915 

Resistances near C and D will have no current in them. 

24. c. Both the length and the cross-sectional area are doubled. 
So, resistance remains unaffected. 

25. d. Since current is rate of flow of charge in the direction in 
which positive charge will move, then 

current due to the electron will be 


lf = Ms. = 3x JO 18 x 1.6 x 10' 19 = 0.48 A 

(Opposite to the motion of electrons, i e., right to left) 

= 0.32 A (Right to left) 
total j=i c +i p 

= 0.48 + 0.32 = 0.80 A (Right to left) 

26. a. The current in 2 El resistor will be zero because it is not a 
part of any closed loop. 

27. a. New length is 2/, if the original length is L Clearly, the 


new cross-sectional area is —, if a is the initial cross- 

2 

sectional area. This is because the volume of the wire has to 
remain constant. 


Now, R f = p -= 4 R 

H 912 

Increase in resistance = 4R-R = 3R 


3R 

Percentage increase in resistance - — x 100 = 300 


28. a. S = + ? 2 > ? = 


Rift 


1^2 


R , + R> 


S = nP, 


R { +? 2 + 


nR l R 2 

R i +R 2 


or + R 2 ) — yiR 1 R 2 

For the minimum value of n,R { = R 2 . 

.\ (2# t ) 2 = nR t 2 or n = 4 


h R, 




29. b. — = —, 




or — = 


U 

V 


: X 

^2 Ph 


or — = 
I, 




KK 


nr 


,2 


= Ml - 1 ( V \ _- 3 -- 4 1 

V 2 2 4 13 J 4 9 3 

30. b. According to Kirchhoff's first law, a junction can act 
neither as source of charge nor as sink or charge* This 
supports law conservation of charges. According to 
KirchhofFs second law, the energy per uni^ charge 
transferred to the moving charges is equal to the energy per 
unit charge transferred from them. This supports law of 
conservation of energy. 
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31. d. Using R ( = R 0 (1 -far) twice;, we get 
100= 7^(1 +ax 100) 
and 200= R 0 (1 + a xt) 

1 + axt 


Dividing 


or 


or 


2 1 + axJOO 

2+20Qa = 1 +at 

1= a(t-200) 

‘t-200= -=—— = 200 
a 0.005 


. Note: 

Strictly speakings we should use the following formula. 

However, if we read the mind of the examiner from the 
given options,, we find that we need not use this formula. 

32* d. l=nAev d or n d <* — or n d ^ —— 

A jtr 1 

^3. d. We know that resistivity , where r is the relaxation. 

x 

time. On increasing temperature, Tdeceases so resistivity or 
.resistance increases. 

34, b» / = Avne, No* of free electrons per unit length = 1 xA x n. 
Momentum of each free electron = mv. 

/. momentum per unit length = Anmv = - m 

e 

/ l 


(efm) s 

35. d. / = neAv H =s> v d = — 

neA 

■ =* ^ so as A increases v d decreases 

A 

36. c. With each rotation , charge Q crosses any fixed Point P 
near the ring. Number of rotations per second - a>!2n 

charge crossing P per second = current = 

2 n 

37. b. Let the edges be 2/, a , and /> in decreasing order, 

^niax “ P — ~ - 


al 


Ip R k 


^min — P *, - 


2la *min 


38. b. Current in the circuit = i = 


■ = 4 


R + r 


p.d. across cell = p.d, across R = iR = 


£R 
R + r 


Set up two equations with the given data and solve for £, r . 
39. ,b. For series connection, 

Ne £ 


Amx — 


Nr r 


For parallel connection, 

£ _ Ne 

(r!n) r 

40. a. Current in circuit 


nr r 

•-^ U->—W/M-• 

A ' £ r 5 

Fig. 5.276 

The equivalent circuit of one cell is shown in the Fig. 5 .276 

£ 

The p.d across the cell is V A -V B = - £+ ir = - £+ -.r = Q 
41. a. See the Fig. 5.277 

+ i 

«-:—^4 |-VvVWv-• 


Fig. 5.277 


i - 


(n-2)e 


nr 


V B -V A = -ir + £ 

(n-2)£ 


- e ~ 


■r = £ 


nr 


1 -- 


n-2 


2 £ 

n 


42. c. For the cell A, the current i flows opposite to the direction 
of its emf. 


(n- 2 )e 

p.d = e+ ir = £ +- r-£ 


1 + 


n-2 


- £ 


2n-2 
k n 


43. b. For resistors in series connection, current (/) is the same 
through the resistors. In other words, ratio of the voltage 
drop across each resistor with its resistance is the same. 
That is 


1= 


5-3 3-2 2 




R , Rn 


i.e., 

44. tx 


Ry : /?2 : ^3 — 2 : 1 : 2. 

R 4 ,= = — fi = 2.4£2 

46 4 + 6 10 


] 




468 


= i+i+i 

4 6 8 


12 + 8+6 


M68 


48 


48 


24 


or ^468 “ “— £2 — *— Cl — 1.85 
468 26 -v 13 

In series combination, / is constant. So, V is more for higher 
resistance. 

45. c. The lower limit is zero volt (0 V) whenJ^ isatthe lower end 
of the 4 kQ resistor. 
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The upper limit is the potential difference across the 4 kQ 
resistor when X is at the upper end of the 4 kQ resistor. That is 



25 


IK +4 K 




4 = 20 V 


Thus, the limits are 0 and 20 V 

46. c. Notice the polarities of the batteries, The batteries will 
cancel-each other and finally there will be no current 
anywhere in the circuit 

47. b. By symmetry, we see that the current in left and right 
arms should be same. It means no current should flow from 
A to B. 


20 R 


48. a. 


or 


20±£ = ^> or _i°*_ = 1( > 

5 10 20+ 

20 R = 200 + 10 R 


or 10 R = 200 orR = 20 O 

49. d. The potential difference across R 2 and R 3 is the same 
which is given by 
Potential difference = R 2 I 2 = R 3 I 3 

= ^ > ^ 2^3 = ^ 3 ^^ 3 

Sum of the current I 2 and 7 3 is /,. 


I R 

So, I { /I 3 =! + — + ! + — (independent of R r ). 


50. a. 


120 V 


ton 

-VWWV- 


too a 


100 v 


B 


D 

Fig. 5.278 

Potential difference across C and D = 100 V 


Hence 7. = —■ - 1 A, 

1 100 

V /c = 120-100=20 V 
20 

And 7= — = 2A, 

10 

Hence 7 2 ~ 2 - 1 = 1 A 

r= iooxi = ioon 

51. b. Applying junction rule to O 

-I\-h- J 3 = ° => ! \ +7 2 + / 3 "0 (i) 

Now if V Q is the potential at point O then by Ohm’s law for 
resistances R }i R 2 > and /? 3 , respectively, 

we have, 

(V 0 -V i ) = I i R^(V Q -V 2 ) = I 2 R 2 

(V q -V 3 ) = I 3 R 3 


, _ Wo-Vi). 
3 


So substituting these values of 7 ( , 7 2 , and I 3 in equation (i), 
we get \ 



v o = 


Yl + A 

L^i *2 




/?2 /? 3 


52. b. Let resistor to be connected across CD is x. Then the 
equivalent resistance across EF should be x and also across 


AB should bex So we get 


(2/; + x)R 
3 R + x 


X 



Solve to get jc = \/3 -1Q 

53. b. Let R be the resistance of wire Let 7?' be the resistance of 

(3V 2 ) 


wire Energy released in t second = 
=> R / ~2R 


■xt 


Energy released in /-seconds 


(v Length is twice) 

(NV 2 ) 

- - -- x/ 


27? 


But Q= me AT 

(n 2 v 2 ) 

y= -- -xt 

2R 

Applying Q'^m'cAT 


Q' 


me AT 


K) 

= --- X t 

R 


2mcAT= 


(wV 2 ) 

2 R 


X t 


(0 


(ii) 


Dividing equation (ii) by equation (i) 


wcAT _ 91/ 2 Xt/ R \_ _ 9x2 
2mcAT “ A/ 2 V 2 t/2R 2~ N 2 

=$ W 2 = 18x2 ;.N= 6 

54. a. The circuit is symmetrical about the axis POQ. Therefore, 
the equivalent circuit is drawn 


11 1 1 
R PQ ~~ 4R 4R + 2 r 


2Rr 
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55. c. The bridge is balanced and the current in the ADC is larger 
than in the part ABC. Also / 5 = 0. 

56, b. The p.d. across AD is less than that across AB . So* the 
potential of D is higher than that of B. 

V 2 

57, b.r=- = - = 0.4fl 

7 5 

when / = 0, the potential reading is 2 V. Hence emf = 2 V 

58. d, The voltage across the capacitor is 


■ Q 1 x 10" 
V= :==- 


= 10V 


C 1 x 10" 6 

Thus* the current flowing through the resistor after the 
switch is closed will be 

R 10 

59. c. Method I: In this method there will be no current flowing in 

branch BE in a steady condition. Let 7 be the current flowing 
in the loop ABCDEFA. Applying KirchofPs law in the loop 
moving in anticlockwise direction starting from C. + 2V - 
7(2 R) - 7 (/?) - V=0 V = 377? => 7 = V/3 R (1) 

Applying KirchofPs law in the circuit ABEFA we get on 
moving in anticlockwise direction starting from 

B + V + V ivp - IR - V = 0 where V cap is the p.d. across 
capacitor 

V =/fl=f—lxfl = - 
■ np ^3 R) 3 

Method II: Let us consider A to be at OV . Then point B, C , 
and D will be at V, V* and 2V volt, respectively. Let the current 
be flowing in clockwise direction. Applying KirchofPs law 
in the outer loop we get V- 77? - I(2R) - 2V = 0 .\ 7 = - V/3R. 
The minus sign here indicates that the current is in the 
opposite direction to what we have assumed. Applying 
KirchofPs law from A to E via B we get V A + V + IR = V E 

V 4V 

/. 0+V+ — x/?= — 

3 R 3 

Again applying KirchofPs law from A to £ via C, we get 
V, + V + V ' = V 

v A Y T y cap Y c 

, v = r 

cap 3 

60. c. In the steady state conduction* no current will flow 
through the capacitor C. 

Current in the outer circuit* 


-Hv" 

i| 

- VvVvVv-. 

a 

i V 

i 11* 

v 

A L] 

C l = 0 JL 

1 L 

2 V 

vvWW^ 

2 R 


7 = 


2V - V 


Fig, 5.280 

3 R 


27? + /? 

Potential difference between A and B. 


V a -V+V + IR = V b 

Note: 

In this problem, charge stored in the capacitor can also 

v 

be asked\ which is equal to q = C. — withpositive charge 

O. . 

on B side and negative on A side because V B > V A . 

61. b.Time constant = RC = Rx oo = oo (v C = °°) 

62. c. Time constant - RC. So* if either R or C is doubled, time 
will be doubled. 

63. c. In the case of discharging 7 = I Q e~ 

or 2.5 x 10~ 6 = 3^- e ~' ,HC 
RC 

or 2.5 x 10' 6 = 5 x 10~V ,/lo ore" lo = 2 
Taking log on both sides, we get 
t 


- tlRc 


10 


~log2 or t- J01og2 = 6.9 = 7 s 


2 2-2 tlRC 

64 . a .S- = M - 

1C 1C 


-2 «0 
= u 0 e = — 

e 


65. b. At t = 0, the capacitor behaves as a short circuit. The 
corresponding circuit is shown in Fig. 5.281. 

According to the loop rule, 

l n 





> 60 — 


L—WWA— 


12 V 



sn 

Fig. 5.281 

12-37=0 7=4 A 

66. c. During charging* T x - RC 
During discharging, T 2 = 2RC 

ratio = — = - = 1:2 
T 2 2 

67. d. At t - 0, the potential difference across the top 2pF 
capacitor = 0 

, /= — =5 A 

2 

68. d. In the steady state, no current is flowing through 
capacitors. According to the loop rule, 

% “ q q = Q 



Fig. 5.282 
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or 


C|K) ~<7 <1 


Q L 2 


--*-=0 

c. 


HereC] = 6]uF, C 2 = 3jiFand V 0 = 10 V 


10 - -- — =0 
6 3 


] 8 

4=10x — = 20|iC 


69. «LJ?= —+2i-=4.5r=45n, / = — A 

2 45 

70, a. In steady state, the current through capacitor branch is 
zero. So, capacitor branch may be removed. 

_ r 0 x 3r 0 _ 3 
* * + 3* 4 r ° 


'o 

■VAVvW 



Co 


|- 0 


'0 

>'0 


“65 



71, a. In the steady state, no current is flowing through the 
capacitor branch, so the capacitor branches may be removed 
from the circuit, the equivalent circuit is shown in Fig. 5.284. 



-AAAAAAr- 
#2 = > k 


Fig. 5.284 
r ab= r \ + ^2 -r+r = 2r 

72. d U in]lM = -CE 1 ', U lml =-CE 2 


O* 


^initial 

"tat 


- 1:1 


73. a. V A - V B = e.m.fof the cell = 2V 

u= -CV 2 = -x2xl0 -6 x2 2 
2 2 

= 4x I0“ 6 J 

74. a. The resistance in the middle plays no part in the 
charging process of C, as it does not alter either the 
potential difference across the RC combination or the 
current through it. 


75. b, C discharges through R + R in series. 

76, c, Q = Qo e ~ t/T an d potential difference across C is 
proportional to Q. For the p.d. to fall by 10 % Q must fall by 


Q- 0.9 Q 0 = Q 0 e 


,-tir 


nr 10 t . no 
or e = — or — -In — 


9 t V 9 

77. b. Q=OA Q 0 = Q 0 e~' /r 

or <?'" = 10 or t!r= In 10 = 2.303 

78. c. Cod 


d ljr = 

0.9 

or 


Q= 

Cod 

-e 

~ ll ‘) - 0. 

-t!r 

0.1 

or 

e" x = 1 

Q = 

Qtf 

ll 

■■Qo /r t 

fir _ 

l 

or 

e llr = r 


/ 

or e =— or e- n or — 

n t 

81. a. The current in the circuit / = (12/12) = l A. 

Potential across d and e=12V-3xlV = 9V 
Capacitance across d and e is 

^ 1x2 2 r? 

C= -= “ liF 

1 + 2.. 3 

.\ charge on either capacitor is 6 jJtC. 

82. d. No current will flow in the branch containing capacitor. 
Hence no energy stored on the capacitor. 


83. c. 

n 

o 

II 

rs 

or 

1 = e -" RC 

2 

or tn2 = — 

RC 


1= RC In 2 


or 

10“ 6 X tnA - 

= (2 + r) x 0.5 x 10 -6 In 2 

or 

2(n2 =(2 + 

;) x 0.5 X tn2 

or 

4 = 2 + r 



r=4-2 = 2fl 

84. c. Here. /, = -e" IKC , l 2 = V - e -' n ™ 
1 R 2 R 


/, 


i -uiRC-itkc _ -tnne „ 
- - e - e — 


I 


J/2RC 


From this expression, it is clear that, when t increases ratio 
decreases. 

85, d. Uncharged capacitor behaves as a shorL circuit just after 
closing the switch. But charged capacitor behaves as the 

battery of e.m.f just after closing the switch. (Fig. 5.285) 

]= % % = v 
C X (2R) 2RC X 2 R 



























5.74 Physics for IIT-JEE; Electricity and Magnetism 


R 

-\WM- 

_ (b 

c, y 

-WWW- 

* 

Fig. 5.285 

86. c. The distribution of current is shown in Fig. 5.286. 
According to the loop rule, 

2.5 - 0.57-27 - 0 


20 



Fig. 5.286 

7= 1A 

••• V a -V b b ^- = 2/ = 2x]=2V 

.\ ' q 0 = Cx2 = 2x10' 6 x2=4jjlC 

87. c. Step -1: When the switch is at position 1: Since circuit is 
in steady state, so the current through circuit is zero. 

ny Qk 

—Wa v 11- 

l , +?o -9o 

UwM-1|- 

; '° E 0 

. .Fig. 5.287 

According to the lo6p rule 

£ 0 -~^0 ■■% = C () E 0 

C 0 . 

Step - II: When the switch is at position 2: In this case, the 
, total energy stored on the capacitor appears as heat energy 
in the resistot. 


| ■ 

-WWW- -- 

+ Qo 

—--WWW- 

R 2 = 2r 0 

Fig. 5.288 
A H=I 2 RT r.AH~R 

AH, /?, Jq 1 
Ai/ 2 /? 2 2^, 2 

Atf 2 =2AW, 

But AH=AH,+AH 2 


= ^ + ah 2 = -ah 2 
2 2 2 2 

AH 2 = | AH = | x i-Co^o = ic 0 £-o 

88. c. When switch is open and A^.is closed. Then, total 
energy stored on capacitor appears as heat in resistor. So 

A H= -gO- = (30xl ° ) = 0.15 xlO“ 3 J = 0.15 mj 
2 C 2x3x10“® 

89. b. In the steady state, no current is passing through 
capacitor. Let the charge on each capacitor be q . 

Since the current through galvanometer is zero. 



/,=/ 2 

The potential difference between ends of galvanometer will 
be zero. 

A V A -V R =V A -V n 


= ~ 


(0 


Similarly, V B -V C = V D - V c 
4*2= TT 


00 


Dividing equation (i) by equation (ii), we get 

q_ 

l \ R \ _ Q Ci 


UK 


2 i\ 2 

£l = A 

C 2 7?| 

90. b. As the capacitors are identical, each of them finally have 
charge g/2. 


Initial energy of the system = E f - — 
Final energy of the system 


-Et-2 


{Q(2Y 

2 C 


AC 


Heat produced = loss in energy 

. e 2 

‘ 1 4C 
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91. c. A fully charged capacitor draws no current. If the 
capacitor is removed from the circuit, we can distribute the 
current and find the potential difference across each 
resistance. 


92. d. j~ — = nqv 


where V is the drift velocity of charge carriers each with 
charge q . 

93. b. Since the resistivity of a current carrying conductor 
carrying charge carriers each of charge q> mass is given by 


m m<7 m 

^~ 2 ? " 2 P~ 2~~ 

ng o ng nq r 

where n is number density of charge carriers and r is the 
average relaxation time. 


94. c. a(T) = 


J _dR 

RodT 


=> (3T 2 + 2T) = —^ 
Ro dJ 

=> dR = R 0 (3 T 2 + 27) dT 


R 

"7 7 

ldR = R 0 

3jT 2 dT + ljTdT 

*b 

_ o 0 _ 


=> R = R 0 [\+T 2 +T 3 } 


95. c. F = F = — = p 
dt 

Momentum of each charge carrier moving with a drift 
velocity v is mv. 

Total number of charge carriers in the sample is N - n(A£), 
where n is number of charge carriers per unit volume and A 
is area of cross-section of the conductor. 

Total momentum = p = N(mv) = nAimv 

Further we have v = —— 
neA 


Since F= — 
dt . 

i € 

=> F- —7 [v ^ = specific charge =— ] 

S m 

F i 

*=$ —= — 

t s 


96. b. Let x , y, and 


x 

3 



be the dimensions of the block 



xy 


97. c. 


D 

A max _ q 
*min 


R 

4 



Fig. 5.290 



3(16) 

16 




98. c. When each element of circuit i» multiplied by a factor/: 
then equivalent resistance also becomes k times. 

Let the equivalent resistance between A and B hex. 



So the equivalent circuit becomes 

T 

X 

i 


A* -VWvW 

*1 



For k = - => x- 
2 


99 .b.R AB =-R 


Fig. 5.292 
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100. c. Since nel resistance is to be found between A and B . So let 
a current 7 enter at A and then exist at b. 

When 7 enters at A then by symmetry current — must flow 

6 

in the branch AB from A to B for current 7 to exist from B> 


a current - must flow in the branch AB from A to B. 
6 

Superimposing the two, we conclude that a current ^ ~ 

must flow in the branch AB from A to B. 

According to Thevenin’s theorem wc have 


7, 


[oral 




. IR o J| 1 

^eq - " 3 

101. a,7fl and 3 Cl are in parallel; 6 Ci and 4 Q are in parallel 
and both in series. 


So 


7x3 4x6 

7+3 4 + 6 


=> 7^ = 2.] +2.4 => R eq = 4.5 Q 

102. d. At junction E or F : 

7| + / 3 + 7 4 = 7 2 — 7 3 ^ 7| - 4 + 2/ 3 + 7 4 = 0 

Loop AT'TM or loop ECDE 

rl } = rl 2 + 7?7 3 => 7|-7 2 + 7 3 



Loop or loop EDFE 

r(I 2 -h) + r h - ^ 

=t> / 2 — 21 2 + 7 4 = 0 

LoopA7 7 DCA/A orAfl£CA/A 

V= >7, +r</ 2 -/ 3 ) + /*/ 2 
=> V= Wj + 2r7 2 -r/ 3 
Solve to get: 

7, = 2VI5rJ 2 - V73r 

= V = V V = 15r 

^ 7 7,+/ 2 2V/5/- + V/31- II 


103. b. + </,/= ry 0 = 1 OjLlC => q d = 7|lC 

104. d. Equivalent resistance between A and E\ 

x + \" 



Fig. 5.295 

For B and E to be equipotent 

^ae _ x + l _ l - x 

Rab &bc (jc + 2) x 1 1 

Solve to get : x = \fi - 1 Cl 

Now — = -—- = 4lCl 
ED x 

105. d. There are eight batteries. 

Let current in the circuit is 7, 

8x5 A 

Then 7 = —— = 25 A 
8x0.2 

p.d. across voltmeter - E- Ir 

= 5- 25x0.2=0 


Multiple Correct 
Answers Type 


1. a.,b.,d. 

Let V - potential at D 
70-77= 10/!. 

v - 0 = 20/2 
V-10=30(/ i -i 2 ) 
Solve for/,, / 2 , and V. 


B(0 V) 



2. d.) b.j d. 

As C and D are joined, they must be at the same potential, 
and may be treated as the same point. This gives the 
equivalent resistance as 8 Cl. If we distribute current in the 
network, using symmetry. 
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20 Q 5 a 

—VvVvVN^— —VvV/v\— 

C 


—WWvV- 

—VvVWV- 

50 

20 O 

20 a < 

7 SO 


^ 7_— 2/ 


i 

~>~VAWv— 


5 0 u 20 0 

Fig. 5.297 


V A~ V D- V A' 


or 20/ =5(7-/) 
or i=I/5 

21 3 1 

I-2i= I- -—= — = current flowing from £> to.C 
, 5 5. 

3. £Ljd< 

The last three resistors IClACl, and 2 ^ are in series having 
equivalent resistance 2 + 4 + 2 = 8£l This will be in series 
with the 8 Cl next to them. So their equivalent resistance 
becomes 4 Cl. In this way net equivalent resistance of the 
circuit becomes R eq = 9 Cl. This will be in series with 
r = 1 Cl. So current through 3 Cl is 

I=e/(R + r)= 10/(9+ ]) = 1 A. 

Further, current will get divided at C and E into half at each 
point. So finally current reaching in 4 Cl will be 0.25 A. 

4. a,d. 

20 


3 O 


5 £2 

—WvWv— 


60 



Fig. 5.298 

Re-arrangement of the circuit as shown in Fig. 5.298 gives a 
balanced wheatstone bridge, and no current flows through 
the 5 Cl resistor. It can thus the removed from the circuit. 

5. a.,b->c. 

Potential difference across resistance 
= Potential difference across the terminals of the battery. 
So V=E-lr 

This is an equation of a straight line. Comparing this with 
the given graph, we can see that E = 10 V and r = 5 Cl. 

Also 4«= 7 " y = 2A 

When external resistance R = 0. 


6. a.,d. 

2 Q and 2 Q are in series, 2 £2 and 4 £2 are in scries then their 
resultant are in parallel. Producing net resistance R = 2.4 Cl 


2u p 2 n 

-MWA-•-WvWv— 


h 20 V, 1.6 n 
—<- 


/ 

h 20 


40 

-VWAW 


/ = 


Fig. 5.299 
20 20 


= 5 A 


r + /? 1.6 + 2.4 

/, + / 2 =5A 

v /ib = 4/ ( = 6/2 ^ 2/| = 3/ 2 
From equations (i) and (ii), /) = 3A, / 2 = 2A 
V / -V P =6V l V / ,-V 0 = 2/ J = 4V 
Thus, V Q -V P = 2V 
7. a.,b.,d. 

We know that the equivalent internal resistance is 
1 _ I 


(i) 

(ii) 




yi 


^C'l - [ 


R, tf 2 « 3 


/?! 




and equivalent e.m.f: 






’R _ A 




v i ii i 
> — —+— + — 
/?, /? 2 R 3 


Put 


E.R 3 + E 3 R< 

A, - — 1 to get 
A|+A 2 

A|/? 2 + £ 2^1 


E = 


R { + /? 2 


=> E - E 3 


8. b.,c.,d. 

7 Q resistor is short-circuited, so no current will flow 
through it. Potential difference across each of 3 Q and 6 Cl 
is 12 V, so we can find current in them. 

9. a.,c.,d. 

1 = — ci-2bt 
di 

/ = 0 for / = (a/2b) and (dl/df) = - 2 b 

10. a., c.,d. 

For Loop CEFD: -2(7-/,)+ l/ t +9 = 0 


37,-2/=-9 


(0 


i a C ;9V m ; 0 3 v m 3n 

-*■-] —rjH | WV\^>AMMAr-0 B 




/-/, 2 a 

Fig. 5.300 
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From 4 to B via CD; 

-47-9 + 3 - 1/j - 17- 37 = V B 
but V A ~Va= l6V > S0 

8 / + ly = 10 (ii) 

=> I{ - -2A,/= 1.5A 

7-7,= 1.5 + 2 = 3.5 A 
Vc-9-1/^ => = 

11 . c.,d- 

Note that the points a , g, and / have same potential. They 
are connected by conducting wires without any circuit 
elements between them. Similarly, points b , c, d> and e have 
the same potential. Hence the potential drop across branch e 
and/, and a and b is same. The two resistors (6 Q and 4 Cl in 
series) are directly connected across the terminals of 12 V 
battery. 


R — 6.0 Cl 

f — 


8 ]— 

nn 


* = +on 

- e 


■ d 

2 i a 


2.0 Q 


6.0 V 12 V 

^ 11 H/ww^J^wwH 1 1 •- 

1.0Q i.oq 60v 

-H'|f- 


12V 

Fig. 5.301 

The complex circuitry in the middle has no effect on the 
potential drop across the upper 10 Q. branch. If the current 
through it is 7. 

Potential drop across 7? h K, “//?,; 

Potential drop across R 2% V 2 = IR 2 

Potential drop across branch, V = V, + V 2 = 7(7?, + R 2 ) 

V 


The current 
Hence 


7 = 


R \ + R 2 


= 12 = ,. 2 

10 


V! = (1.2)(6) = 7.2 V 


V 2 = (1.2)(4) = 4.8V 

12 . b.)d> 

i. Imagine the wires to be flexible and lift up the inside 
square with the resistors and source attached [see 
Pig. 5.302(a)]. 



i.o kn 


Follow Fig. 5.305 (a), (b)> (c) and (d) to arrive at 
equivalent circuit. The equivalent resistance is 3 k Cl 


ii. Since 


V - I - - 4 mA 

R “i- 



iii. Start at point C, assign it a potential V G > proceed toward 
E along any path. When you reach point E after adding 
potential drops and gains you get potential of E 
[see Figs. 5.302 (c) and (d)]. 


Parallel 

."-V-N E 


2 kft 


l2kn ■; 


■:3kn -r 


12 V 


12V 


G Equivalent circuit 

(c) (d) 

Fig. 5.302 

V c +12 -iR=V E -, 

V E -V G =12-i7? 

= 12-(4x 10' 3 x2x 10 3 ) = 4 

13. a.,c. 

When S is opened: 

I 8 x 6 

V c -V a = - = 12V 
6 + 3 

18x3 

V c- v 6=77T =6V => ^-V fl =12-6-6V 


'18 V 



| 6 n 


s 

4\yt 

q\ + q2 

42“ 

|3 0 



Fig. 5.303 

Charges flown after S is closed: 

q, =72-36 = 36 \lC,q 2 = 36- 18= 18 (iC 
Charges flown through S after it is dosed: 

36+ 18 - 54jiC 
Final potential of b is 6 V 




















































Electric Current and Circuits 5.79 


14. a.,d. 

When X is joined to Y for a long time (charging), the energy 
stored in the capacitor = heat produced in R = H { . 

When X is joined to Z (discharging), the energy stored in 
C(=H } ) reappears as heat (H 2 ) in R. Thus, = H v 

15. c.,d» 

When X is joined to Y for a long time (charging), the energy 
stored in the capacitor = heat produced in R = 

When X is joined to Z (discharging), the energy stored in 
C(=H\) reappears as heat (H 2 ) in R. Thus, H x - H v 

16. b.,c.,d. 

Disregard the capacitors and find the current through G. 
The potential difference across each capacitor is then found 
from the potential differences across the resistances in 
parallel with them. 

17. b.,c.,d. 

Just after closing the switch, capacitors will act like 
conducting wires. Find the equivalent resistance and 
calculate the current. 

After a long time, the switch is closed, no current flows in 
the circuit as the capacitors act like infinite resistance. 

Heat developed = (1 
IS. a.,b.,c. 


Circuit B 






^ R\ + R 2 + R$ h— 


V~ 


— |v 


R, 


v = -*-v 

^ R\ + /?2 + R$ + * * *) R s 


r 2 


19. a.,b.,c.,d. 

Circuits 



X = 


Fig. 5.304 

/?<2.R + jc) 


3/f + x 
x 2 + 2Rx-2R 2 = 0 


3Rx+x 2 = 2R 2 + Rx 


x= — 


2 R 


±4ar 2 


+ 8 R* 


2R + 2a/3R 





-~ + 2R => y 2 + Ry = yR + 2Ry + 2R 1 
y + R 

y 2 ~2YR~2R 2 = 0 = 


>= (n/3+1 )/ 


20 . a.,b. 

Resistance between diagonal corners of cube 



Fig. 5.306 

=> V 17 =(V|-V s ) + (V 5 -V 8 ) + (F 8 “^) 

= 2/7?q ++ 27/?q \Z | ? 5 

Also, V n -x(6I) => x(6F)=5IR 0 


5R* 


x- 



Fig. 5.307 

=* V, 8 =(V, - vy+(V, - V 8 )' 

^ ^I8 = 4W?o + 5/7?o =* ^18 = 9//?o 

Also V n =y(\2I) => (\2\)y=m a 


x UJ 20 10 

y l ^S ~ 18 ~ 9 


3 n 


5 0 3 „ R 0 

=> x — y = — Rf\ - Rf\ x— y = - y - 

7 6 0 4 0 7 12 


Assertion-Reasoning 
Type 


1. c. The resistance of a wire is 


l 


■ . 

3* : -n ■■ i; , 1 -y fl ' 


R- p—, p being specific resistance 
A 

n 1 „ 1 
Roc —- or R oc —— 

A 2 A 4 


2 + 


Circuit B 

Fig. 5.305 


or 


A = nr 1 ) 
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Hence, when the diameter is halved the resistance of the 
wire is 


W=16* ( 1 ) 

© 

Hence, its resistance will become 16 times. 

Again from eq. (1), 

1 1 2 7 

R<* — or R <*— or R^I 
A Al 

Therefore, on increasing the length the resistance increases. 

2. c. On increasing the temperature of metals, the resistance of 
metal increases. Therefore, the temperature coefficient of 
resistance of metals is positive. 

On increasing the temperature of insulators, the resistance 
decreases. Therefore, temperature coefficient of resistance 
of insulators is negative. 

3. d. Resistivity or specific resistance is a material property. So, 
it does not change on bending the insulated wire. 

On bending, the cross-sectional area of wire charges but 
drift velocity of electron does not depend on area of cross- 
section so it does not change. 

4. a. \> d = ——, If radius Is doubled, A becomes 4 times and 

neA 

hence V d becomes one fourth. 

5. a. Both RJ2 are in parallel, so their equivalent resistance is Ri 4. 



6. b. Both the statements are correct, but independent of each 
other. 

7. d. It is true that resistance of a wire is directly proportional to 
its length, but here when length is doubled, area of cross- 
section decreases as the volume remains constant. Finally, 
resistance becomes n 2 times. 

8 . c. Smaller is the resistance, more is the current in parallel. 

9. a. In series, current in both resistances will be same. For 
same current, more is resistance more is the potential drop. 

10, a. Copper is a conductor and germanium is a semi-conductor. 

11, c. Drift velocity is directly proportional to electric field. 
If there is no electric field, then no drifting of electrons in a 
particular direction, hence no current in the conductor. 

12, (a) V=IR => V = neAv (! — => v d = ^ v d ^ - 

A ncpl t 


Comprehension 

Type 


For Problems 1-3 
l.d. 2. a. 3.b. 

' Sol. 

a.The current are as shown. 




H-h 

24 V 


-WAMr 

24/5 0 


24 V 


Fig. 5.309 


1 = 


24 

24/5 


~5A 



24 V 


Fig. 5.310 



1 1 1 
- + - +— 
8 6 12 


24 

8/3 


= 9 A 



80 



Fig. 5.311 


1 



1 1 1 

-+-+-+ 
8 6 4 


JL^ 

12 
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For Problems 4-6 

4. c., 5. a., 6 . b. 
Sol. 


24 V 

Fig. 5.312 



Potential difference across A B; 

4.5 + 3/, = 6/ 2 = / 2 = 1A /=/,+/ 2 = 1.5 A 
Equivalent resistance between C and D\ 

R l = 4ft 

Potential difference across 

CD=R t I = 4xL5 = 6 V 
Current through 12 ft 

/ = - = -A 
S 12 2 

5. Potential difference across 
AD= 6I 2 + 2I + L2/j 

= 6xl+2x 1.5 + 12x0,5 = 15 V 
This will be equal to the reading of voltmeter across 20 

s .,,= h =0 . 75a 

Reading of ammeter = / + / 4 = 1.5 + 0.75 = 2.25 A 

For Problems 7-9 
7. d M 8 .c M 9. d. 

Sol. 

7. Given V x = V 2 =^-, V, =%- 
k k k 

1= h+h 



Vq-^i V1-V2 | n -0 

/?! /?| /? 2 

V 0 -Vj /k V 0 /k-V 0 /k 2 V 0 /k 

R\ R[ /?2 

■ /e L= (fr-i) 2 
R 2 k 

8 . Current in R t and R 2 will be same: 




/?, kR 2 


R^R.ik-l) 


Put the value of R , in (i): 


h 

Ri 


9. Current in R 2 nearest to V 0 : 


7 a «^ 

R> 


V 0 /k 


k v 


Ri 


U-iJ 


k 

k- 1 



For Problems 10 -12 

10 . a.. 11 . d., 12 . c. \ 
Sol. 


10 . q = | ids = area of given curve = - i o t 0 


i t 


(, 


11 . — + — = 1 => / =i 0 \ 1 - 


‘oj 


'0 / . 

12. Heat= jl 2 Rdt = jl 2 R 1-- di 

0 l W 


H~ 



_ Rtpll 
3 


For Problems 13-16 

13. c., 14. a., 15. c, 16. c. 

Sol. 

13. c. When key K\ is open the circuit is a balanced 
Wheatstone bridge. 

The equivalent resistance is given by (for the bridge): 


20x40 
R “>~ 20 + 40 
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14 


15. 


The total resistance = R eq + 10 Cl = 233 Q 


The current i = 


55x3 

70 


amp = 33/14 A 


When K v is open, the bridge is balanced 
=> v BD = 0 => charge on capacitor = 0 

when K y is closed, we have two different sources of 
e.m.f. Applying Kirchoff’s laws, we get. 

For loop ABCDA: 

i { 8 + (i, - i 2 ). 12 - (/' - /j) x 40 = 0 
loop BDCB\ 

£ 2 - 2 — (iy — £ 2 ) x 12 = — 10 
loop ABCYA\ 

^ . 8 + (*, - i 2 ) x 12 + i' x 10 = 55 
solving, we get: iy = 2, i 2 = 1, = 2.7 (amp). 

Change on capacitor = 4.8 [iC 

The current /, when ky was open = 236 A 

the current i\ when k { was closed = 2.7 A. 

/. the change in the current = 034 A 


For Problems 17 -19 


17. c., 18. b., 19. d. 

Sol. 

In the steady state, the equivalent circuit is 



5*j — 2 i 2 — 6 
6i 2 -2 /1 - - 4 
13i 2 = 14 


14 a - 

1 1 = — A, i 2 = 
1 i3 2 



18. Potential difference across BC 


V a =6-" = ^V 
A 13 13 

V 0 = — -2 (-4/13)= —V 

0 13 ' 13 

64 , [14 4) 46 

13 1 X |l3 + 13j 13 V 


13 13 

19. Charge on capacitor 

= CV bd = 4x lO“ 6 x2 = 8|iC 


Matching Column 
Type 


1. l a. ( il. -> c, ili. -+ b.j iv. d. 

Sol. The equivalent circuit is as shown in Fig. 5316 (b). 




r, = ion 

>4 

8V“ 

vww 

r 0.1 pFz 

= j 


(b) 

B 


ion 


Fig. 5.316 


The current through R { - — = 0.4 A 
20 

In the steady state, the potential difference across AB is 
4V. 

Charge on capacitor in steady state is 
q = CV =0.4 )lC 

V 4 

Current through resistor R is / = — = — = 0.2 A 

R 20 

2. i. —> c. ? ii. b.» iii. -» b.» i v. —» a. 

Sol.When a steady state is reached, no current passes through 
the capacitor or the branch CE. 



Considering the loop ABEFA y 

5 x (iy + £ 2 ) = 10 or iy + i 2 “ 2 A (i) 

Considering the loop BCDEB 

4i 2 - 12-10 = 2 => i 2 = 0.5 A 
So, i 2 = 2-0.5 - L5 A [i — c] 

To find the charge on capacitors, we must know potential 
difference across the plates. 

Consider the loop CEDC: 

— 12 + 4/2 + 3x0 — +.8 = 0 

Or v c = - 2V. So charge on capacitor Q = cv = 10 (iC 
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3. i. —> b., ii. -» a.,b.,c., iii. b., iv. -+ a.,b.,c.,d. 

Sol. 



Fig. 5.318 

Loop FEDCF\ e-6 = RI l - 47 2 
Loop AFCBA\ 6-4 = 47 2 + 2(7, + 7^ 
2= 27, + 67 2 

Solving them we get: 

; = 3g ~ 14 7 = Rj_6-e 
1 4 + 3/?’ 2 4 + 3/? 


(0 


i. 72 = 0 =* e = R + 6 
e>6 V(.\ /?*0) 

ii. For current from F to C direction 

h> 0 => 7? + 6>* => e<R + 6 
possible for any finite value of because R is finite 

iii. For current from F to C direction 

4<0 =3- e>/? + 6 


iv. For current in 2 Q from B to A direction 


7 , +I 2 - 


7?-8 + 2g 
4 + 37? 


>0 


(ii) 


R — 8 -f 2e > 0 ^ e > 4 — — 

2 

Depending upon the value of R> e can take any value 
from zero to infinity. 

























Electrical Measuring Instruments 



. , 

> Potentiometer 

> Meter Biridge or Slide Wire Bridge 
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GALVANOMETER 

It is used to detect very small current. It has negligible resistance. 
A pivoted coil of fine wire is placed in the magnetic field of a 
permanent magnet (as shown in Fig. 6.1). Attached to the coil is a 
spring, similar to the hairspring on the balance wheel of a watch. 
In equilibrium position, with no current in the coil, the pointer is 
at zero. When there is current in the coil, the magnetic field exerts 
a torque on it that is proportional to the current. As the coil turns, 
the spring exerts a restoring torque that is proportional to the 
angular displacement. 


Why Should the Needle Deflect When There is 
Current? 

The mechanism of deflection is that of a coil and a needle, which 
is subject to magnetic field* Whenever there is current, torque 
develops in the coil. This torque is responsible for rotation of the 
coil and hence the needle. This is the reason the needle deflects 
when there is current. 

The deflection of the needle is proportional to the current 
passing through it. By appropriate calibration, it is possible to 
use the galvanometer as an ammeter, a current measuring device. 



Scale 


Permanent 

magnet 


Magnetic field 


Soft-iron 

core 


(a) 



* I torque 
< b > 

Fig. 6.1 


AMMETER 

It is an instrument used to measure current. It is put in series with 
the branch in which current is to be measured. We all know that 
galvanometer is a device to detect current in a circuit. The device 
has a needle in it. When current passes through this device, the 
needle deflects. 



Problem in Using Galvanometer Itself as an 
Ammeter 

As we know that the galvanometer is an electrical device, it has 
its own resistance. If we insert galvanometer in an electrical 
circuit, the total resistance of the circuit increases and hence the 
very current to be measured decreases. If we can bring the 
resistance of the galvanometer to zero, it is possible to measure 
the actual current. 


Conversion of a Galvanometer into an Ammeter 


From the concept of resistors in parallel, we know that the 
effective resistance of parallel resistors is less than.the least 
value. Therefore, if we connect a very small resistance ( S , 
generally called a shunt resistor) across the galvanometer, the 
effective resistance of this device can be less than S. Note that we 
can never make effective resistance reach zero, but can make it 
nearly zero. This process is called 'conversion of galvanometer 
into ammeter'. 

Fig.6.3 depicts the above discussion. 



Conversion of galvanometer vnlo ammeter 


Fig. 6.3 


Let 1 be the current to be measured. This current gets divided 
into Iq and / s . / G is the current through the galvanometer and I s is 
the current through the shunt resistor. As shunt resistance is very 
small, I s >> I c . The current through the galvanometer is 
responsible for deflection of the needle. We have to use this 
fraction of current ( I G ) in measuring the actual current I. This is 
the case with all the measuring devices. We can write: / = I c + I s , 
Now we have to find the relation between the current through 
the galvanometer (Iq) and the current (I) to be measured. 

As the potential difference across G is the same as that across 
S y we can write I g G = I s S = (/ - I G )S 


Therefore, I c - 


l G ~I 


Fig. 6.2 


G + S 
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From the above relation, 1 G is proportional to /. It is clear that 
the deflection of the needle is proportional to the current /..If the 
value of current / increases, the deflection increases. 'Tfoc-scale 
can be graduated to read the value of / directly. Thus measuring 
of current becomes possible. 

Maximum Current an Ammeter can Read 


For example, in Fig.6.5, actual current through R Is 
, E 


(0 


while the current after connecting an ammeter of 

. A Gs } ■ 

resistance A \ =- r/i 


G + S) 


in series with R is, 


To blow this, one must know the maximum value of the 
maximum current which can pass through the galvanometer. It is 
also known as full-scale deflection current. If we pass current of 
intensity more than I G through a galvanometer, the galvano-metex 
may get damaged. This is a standard value for a given 
galvanometer. 

As an example, let us suppose that when the current through 
the ammeter is 1-2 A, current through the galvanometer is 5 mA 
and let's suppose that this is the maximum value of I G for full- 
scale deflection which can pass through the galvanometer. 
Therefore, we can say that the maximum current the ammeter can 
read is 2 A. For any other current less than 2 A, value of current 
through galvanometer will be less than 5 mA. For any other 
current greater than 2 A, deflection Is not possible and hence no 
reading is possible. Now we can say that the range of ihe given 
ammeter is 0-2 A. 


E 

R + A 


00 


From (0 and (ii) y we see that i < i. To measure correct 
current, we should have i ! - i . This is possible when 
A = 0. This kind of ammeter is known as ideal ammeter 
So l resistance of an ideal ammeter should be zero . 

2. Percentage error in measuring a current through an 
ammeter is 



f-L 

1 > 

1 

X 

o 

o 

IJ 

R 

R + A 

1 

* J 


XlOO 


or 


% error = 


^ R + A 


xlOO 


Modification of Ammeter to Obtain Other Range 

As the maximum values of 1 G and G are constant for a given 
galvanometer, by varying the value of shunt resistance we can 
vajy the value of L Therefore by selecting the value of /, we can 
find the value of shunt resistance. For this shunt value, the range 
of ammeter can be 0 to/(Fig. 6.4). 


i i 




\MA/W 

^ 5 


(/-« 


Fig. 6.4 



A galvanometer has a resistance of 50 Cl 


and Its full-scale deflection current is 50 pA. What resistance 
should be added so that the ammeter can have a range 


0-5 mA? 

Sol. Here, the maximum value of l G = 50 jliA; The upper limit " 
gives the maximum current to be measured which is / = 5 mA. 
The galvanometer resistance, G = 50 Cl. 

From the relation: 


5 = 


IqG 50x10' 6 x50 
I-I n ~ 5x10^-50x10"* 


0.5 Q 


If we work out, we would understand that higher the range of 
ammeter, lower is the value of shunt resistance. 


Thus S(1-1 0 )=1 g G 



Note: 

1. The reading of an ammeter is always lesser than the 
' actual current in the circuit. 



VOLTMETER 

k is an instrument used to find the potential difference across two 
points in a circuit. 

As we know that current and potential difference are related, 
we can express the current used for deflection as a function of 
potential difference to be measured. Hence we can use the 
galvanometer as a voltmeter. 

Unsuitability of the Galvanometer as Voltmeter 

Suppose we connect a galvanometer across a resistor as shown 
in Fig. 6.6 to find the potential difference across resistor 

As the galvanometer has its own resistance, the total resistance 
of the circuit changes and hence the very potential difference to 
be measured becomes different. That is why wc cannot use the 


Fig. 6.5 
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galvanometer as a voltmeter. To keep the current same, we heed to 
make the resistance of galvanometer very high. Hence the current 
through the galvanometer will be small. Ideally, It has to be infinite 
so that current through galvanometer is zero. 



Fig. 6.6 


Conversion of Galvanometer into a Voltmeter 


From the concept of resistors in series, we know that the effective 
resistance of resistors in series is greater than the greatest value. 
Therefore, if we connect a very high resistance (R h ) in series with 
the galvanometer, the effective resistance of this device can be 
greater than 7?/,(Fig.6.7). Note that we can never make effective 
resistance reach infinite, but can make it nearly infinite. This 
process is called ‘conversion of galvanometer into voltmeter'. 



m-■— 

* 

Fig. 6.7 


■ 0 -. 

AAM— 


Let V be the potential difference (p.d.) across the resistor, By 
parallel circuit, p.d. across voltmeter is also V. Let I G be the 
current through the galvanometer. 

Hence V = I G G + 


Therefore 1 G - - =* I r V 

G R„+G c 

Note that the deflection is proportional to the current l G and 
hence to V. The scale can be calibrated to read the potential 
difference directly. 

To find the maximum potential difference (V) a voltmeter can 
read, one must know the maximum value of I G for full-scale 
deflection of the galvanometer. This is a standard value for a 
given galvanometer. Let us suppose that 0.1 m A is the maximum 
value of I G for full scale deflection, when the p.d* is 5 V. 
Therefore, we can say that the maximum p.d. a voltmeter can 
read is 5 x 2 V. For any other p.d. less than 5 V, 1 G value is less 
than the maximum value. Therefore, reading is possible. For any 
other p.d. greater than 5 V, deflection is not possible and hence no 
reading is possible. Now we can say that the range of the given 
voltmeter is 0 - 5 V. 


Modifying Voltmeter to have Desired Range 
(say 0 to V) : 

As the maximum values of l G and G are constant for a given 
galvanometer; by varying the value of shunt resistance we can 
vary the value of V. Therefore by selecting the value of V (say V), 
we can find the value of shunt resistance. For this shunt resistance 
value, the range of voltmeter can be 0 to V. 

It is essential that the resistance R^ = G + R of a voltmeter be 
very large as compared to the resistance of any circuit element 
with which the voltmeter is connected. Otherwise, the metre itself 
becomes an important circuit element and alters the potential 
difference that is measured. For an ideal voltmeter R v =«> (Fig. 6.8) 

Now I g (G+R)=V =» /? = — - G 



( 7 )— 


Fig. 6.8 


Note: 

L The reading of a voltmeter is always lesser than the true 
value . 

For example, if a current, i, is passing through a 
resistance, r\ the actual value isV -i r 


■MMr- 


FIg.6.9 

Now if a voltmeter of resistance R v (~ G+R)is connected 
across the resistance r, the new value will he 
V=ir 


y'. iX( ^> or V'- ir 


r + % 




(0 

<M) 


VvW 

Rv 

p> 


0-VWV- 


Fig. 6.10 

From eqs . (i) and (ii), we can see that 

V'<v => V =V if R v = oo 
2. Percentage error in measuring the potential difference 
by a voltmeter is, 
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or 


fV-V' N 

| x 100 = 

i 

l V , 

i+- 

J 

% error 

f 1 'I 

x 100 

1 + -^- 

v R v ; 


J 


x 100 


A galvanometer has a resistance of 50 Cl 
and its full scale deflection current is 50 jiA. What resistance 
should be added to it so that it can have a range of 0 - 5V? 

Sol. Here, the maximum value of I G = 10 pA. The upper limit 
gives the maximum voltage to be measured which is V = 5 V. The 
galvanometer resistance, G = 50 Cl. 

From the above relation, R h « 100 k 

If we work out, we would understand that higher the range of 
voltmeter, higher is the value of shunt resistance. 

iMBmm What is value of shunt which passes 
10% of the main current through a galvanometer of 99 £2? 

Sol. A shunt is a small resistance, S, in parallel with a 
galvanometer (of resistance G) as shown in Fig- 6-11. 

0-ic) 

—-m- 

5 


/ h 

Fig. 6.11 



V-I g )S=I c *G, i.e., S=- 


l 0 G 


a-i G ) 

And as here, G = 99 £2 and/ c = ( 10/100) 7= 0.1/ 
0.17x99 0.1 


5 = 


(7-0-17) 0.9 


= —x99 = ll Cl 


Illustration <k4 


The deflection in a moving coil galvano¬ 
meter falls from 50 divisions to 10 divisions when a shunt of 
12 Cl is applied. What is the resistance of the galvanometer? 
Sol. In case of a galvanometer, / $ 


So, 




1 


-T=— = i-e., l G =-l 


10 = 1 

/ 50 ~ 5 ’ """ 5' 

Now as in case of a shunted galvanometer as shown in Fig.6.12. 


(7-/g) 

AA/W 



Fig* 6.12 

\ 


So, 


(I-I a )S=I G , i.e., (/-|/)x 12 

G = 4xl2 = 48fi 



A galvanometer has a resistance of 30 Cl and 


a current of 2 mA is needed for a given full scale deflection. What 
is the resistance and how is it to be connected to convert the 
galvanometer (a) into an ammeter of 0.3 A range (b) into a 
voltmeter of 0.2 V range? 

Sol. As here galvanometer resistance G = 300 and full scale 
deflection current 1^- 2mA, so, 

(a) To convert the galvanometer into an ammeter of range 0.3 A, 
a resistance of value S is connected in parallel with it such 
that S 


or, 


(/-/^ S =/* G, (0.3 - 0.002) S 
= 0.002x3, 

0.002 x 30 


5 = 


(/ - /j) 


-A/WV 


0.298 
= 0.2013 Q 


/ 


-< 2 K 

Ammeter 

(a) 


(b) To convert the galvanometer into 
a voltmeter of range 0.2 V, a resis¬ 
tance R is connected in series 
with it such that 

V=I g (R + G), 

i.e., 0,2 = 2 X 10' 3 (30 + tf) 

i.e., R = 100-300 = 70£2 


Illustration 6.6 \ 



Voltmeter 

(b) 

Fig. 7.13 


The scale of a galvanometer is divided into 
150 equal divisions. The galvanometer has current sensitivity of 
10 divisions per mA and a voltage sensitivity of 2 divisions per 
mV. How can the galvanometer be designed to read (i) 6A, per 
division and (ii) 1V, per division? 

Sol. As per the resistance of galvanometer, 

Full scale voltage 75 x 10” 3 r 

G=-=- 3 - = 5 

Full scale current 15x10 


For conversion into ammeter 
of range 7 A. 

U-I s )S = I s G 


s= 


JjG 


s 


AA/W 

<£>- 


15xl0~ 3 x5 
~ (150x6-15x10^) 

_ 15xl0~ 3 x5 
150x6 
= 8.3xl0" 5 n 

For conversion into voltmeter of 
range V volt, I g (G+R) = V 


(0 

- v - 

——©—vwv— 

4 R 

(b) 

Fig. 7.14 
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R= —-G= —^-^--5=99950. 
I g 15 x I0 -3 


POTENTIOMETER 


Potentiometer is an instrument that can measure the terminal 
potential difference with high accuracy without drawing any 
current from the unknown source. 

It is based on the principle that if constant current is passed 
through a wire of uniform cross-section, the potential difference 
across any segment of the wire is proportional to its length. 

Fig. 6.15 shows a typical arrangement to measure e.m.f. 
E x of a battery. 


S 



Fig. 6.15 

Wire ab of uniform cross-section carries a constant current 
supplied by battery S. First switch K { is closed and K 2 is kept 
open. The slider is moved on the wire ab till we get zero 
deflection in the galvanometer. If C { is the corresponding point in 
the wire, E x = V aCy 

Now, the experiment is repeated with key open and K 2 
closed. This time if the null deflection is obtained on contact with 
wire at C 2 , E 0 = V a (E 0 is known) 



= — where l 

i 

''nr. 


and l ac ^ are the lengths, of 


segments ac x and ac 2i respectively. 

Comparison of e*m.f.s of Two Cells Using 
Potentiometer 


To compare E ) and E 2 as shown in Fig. 6.16, close the keys K and 
K h so that cell of e.m.f. E { is in the circuit. Move the jockey J on 
the wire AB and Locate the position at which galvanometer shows 
no deflection. At this stage potential difference between A and J 
is equal to e.m.f. £j of the cell. 

Hence, E length AJ 

E ] ^ Z h where AJ -l { 

or E x -kl lf (i) ' 

where A: is a constant of proportionality. 



Fig. 6.16 

Remove the key K x and close key K 2% so that cell E 2 comes in 
the circuit. Again find the position of the jockey on the wire, 
where galvanometer shows no deflection. Let this position be./ 7 . 
At this stage p.d. between AJ’ is equal to the e.m.f. E 2 of the cell. 

Hence, E 2 « length AJ ’ 

=> E 2 k l 2 > where AJ ' = l 2 

or E 2 -kl 2> (ii) 

E $ 

Dividing eqn. (i) and (ii), we get — = — 

Ei ^2 

Thus knowing lengths l x and / 2 , we can calculate the ratio of 
e.m.f.s of the two cells. 

Determination of Internal Resistance of a Cell 

Make the connections as shown in the circuit diagram in Fig, 6.17. 
Check the connections as explained in previous section. 


R.Box 



Close the key K only (key is open). Move the jockey on wire 
AB and locate a point J at which the galvanometer shows no 
deflection. At this stage the p.d. across AJ is equal to the e.m.f. of 
the cell, i.e., E (.\ cell is in the open circuit) 

£<* length A J 
AJ- / t , then 

E<* l { or E-ki ] (iii) 

Now, close the key also and introduce some resistance 
(say R) from the resistance box. 
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Again locate the position of jockey on wire AB till 
galvanometer shows no deflection. Let it be at J'. At this stage 
p.d. across length AJ' = terminal p.d. of cell because cell is now in 
closed circuit. 

Voc length A J' 

V« l 2> wher cAJ J = ^ 

or V - Ki 2 (iv) 


F P 

Dividing equation (iii) by equation (iv), we get ±L = il (v) 

^2 ^2 

We know that the internal resistance of a cell is given by 



across the potentiometer wire AB. In order to obtain the balance 
point, the potential drops across R and X are to be reduced, which 
is possible by reducing the current. For that, either a suitable 
resistance should be put in series with R and X or a cell of smaller 
e.m.f. should be used. Another possible way is to increase the 
potential drop across the potentiometer wire by increasing the 
voltage of driver cell. 


Illustration 6.8 


Fig. 6.19 shows a 2.0 V potentiometer used 


for the determination of internal resistance of a 1.5 V cell. The 
balance point of the cell In open circuit is 76.3 cm. When a 
resistor of 9.5 Cl is used in the external circuit of the cell, the 
balance point shifts to 64.8 cm, length of the potentiometer. 
Determine the internal resistance of the ceil. 


Using equation (v), we have r = 


\ 


>-« 


R 


or 


r=(£Llh) 

£ 2 


(vi) 


Thus knowing l it ^ and R> weean calculate the value of r s the 
internal resistance of the cell. 

Fig. 6.18 shows a potentiometer circuit for 
comparison of two resistances. The balance point with a standard 
resistor R - 10.0 Cl is found to be 58.3 cm, while that with the 
unknown resistance X is 68.5 cm. Determine the value of X. 
What would you do if you fail to find a balance point with the given 
cell E ? 

— 11 - 




58.3 cm 68.5 cm 
- 1 - 


R= 10 

—vwv—^ 


e- 


n\ fSh 


VAV 


r©' 


Fig. 6.18 

Sol. Here, /,, = 58.3 cm, l 2 = 68.5 cm, R = l0 Cl, X = ? 

Let I be the current in the potentiometer wire and E\ and E 2 
be the potential drops across R and X, respectively. Then 


But =^= + 


h. 

E i 


IX_ 

1r 


X_ 

R 


or 


X = ^-R 
E, 


(i) 


From(i) 


X= — 


R =— x 10.0 = 11.75 n 
58.3 


Jf there is no balance point with given cell of e.m.f. E, it means 
potential drop across R or X is greater than the potential drop 



Fig. 6.19 

Sol. Here, /, = 76.3 cm, / 2 = 64.8 cm, r = 7, R = 9.5 Cl 

No "’” (Sr) R= P^H =,< * Q 

■IWIBW A voltage V 0 ’is applied to a potentiometer 
whose sliding contact is exactly in the middle. A voltmeter Vis 
connected between the sliding contact and one fixed end of the 
potentiometer. It is assumed that the resistance of the voltmeter 
is not very high if compared with the resistance of the 
potentiometer. What voltage will the voltmeter show higher than, 
less than, or equal to V 0 /2? 


a 



Fig. 6.20 


If R is the resistance of the whole potentiometer and R v is the 
resistance of the voltmeter, the total resistance of section ab 
of the potent iomerer is 


R = R v (Rt 2) = R 'R 
ab R V {R1 2) 2(1 + R/2RV) < 2 

The resistance of section be is equal to RI2. The voltage 
applied to the potentiometer will not be distributed evenly. 
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Since the resistance of ab is less than that of be , the voltage 
applied to the first section is lower than that applied to the 
second, the higher the resistance of the voltmeter, the closer 
the readings of the voltmeter are to one half of the applied 
voltage. 

Potentiometer wire PQ of 1 m length is 
connected to a standard cell E v Another cell, E 2 , of e.m.f. 
1.02 V is connected with a resistance r and a switch S as shown in 
the circuit diagram. With switch 5 open null position is obtained 
at a distance of 51 cm from P . Calculate 

(a) potential gradient of the potentiometer wire. 

(b) e.m.f. of cell Z^. 

(c) when switch S is closed, will null point move towards P or 
towards g? Give reason for your answer? 



Fig. 6.21 

Sol. 

V \ 02 

(a) Potential gradient, k ~ y = -yy = 0.02 V /m 

(b) The e.m.f of cell £, = kxlQ0 = 0.02x100 = 2 V 

(c) When switch S is closed, there is no shift in the position of null 
point as the position of null point depends upon the potential 
gradient along the potentiometer wire (which depends upon 
the e.m.f. of battery E } and resistance of potentiometer wire 
circuit and length of potentiometer) and e.m.f. of the cell E 2 
which does not change when switch S is closed. 


Sol. 

j. Potential gradient along 


AB = 


15 +10 J100 
1.5 


>1 ft 

— = 0.008 V cm’ 1 


ii. Current through 0.3 O = 


= JA 


1.2 + 0.3 

Potential difference across 0.3 £2 = 1 x 0.3 = 0.3 V 
Let l be the length AO, then 0.3 = 0.008 x l 


; 03 vt c 

or / = - =37.5 cm 

0.008 



Cells A and B and a galvanometer G are 


connected to a slide wire OS by two sliding contacts C and D as 
shown in Fig. 6,23. The slide wire is 100 cm long and has a 
resistance of 12£2. With OD = 75 cm, the galvanometer gives no 
deflection when OC is 50 cm. If D is moved to touch the end of 
wire 5, the value of OC for which the galvanometer shows no 
deflection is 62.5 cm. The e.m.f. of cell B is 1.0 V. 


Calculate 

a. The potential difference across O and D when D is at 
75 cm mark from 0. 


h The potential difference across 05 whenD touches 5. 

c. Internal resistance of cell A. 


d. Thee.m.f.ofcellA. 


A 



In Fig. 6.22, AB is a 1 m long uniform wire 

of 10 £2 resistance. Other data are shown in the diagram. 
Calculate (i) potential gradient along A#, (ii) length A0 when 
galvanometer shows no deflection. 


i v 15 a 



Sol. Resistance of wire OD =-x75 = 9£2. Let E and r be the 

100 

e.m.f. and internal resistance of cell E . 

a. Potential gradient of wire = 1/50 V/cm. Therefore voltage drop 
across the wire OD of lpngth 75 cm = (1/50) x 75 = 1.5 V 

h Potential gradient of wire = 1/62.5 V/cm. Therefore voltage 
drop across the wire 05 of length 100 cm = (1/62.5) x 100 
= 1.6 V 


c. 



x9 = L5 


(i) 


d. On solving (i) and (ii), we get r = 30. and E- 2 V. 
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METER BRIDGE OR SLIDE WIRE BRIDGE 

Slide wire bridge is a particle application of Wheatstone 
Bridge and is used for (1) measuring an unknown resistance 
(2) comparing two unknown resistances. Slide wire bridge works 
on the principle of Wheatstone bridge. 

Construction 

It consists of a uniform wire A C, usually of eureka or manganin of 
one metre length. It is stretched on a wooden board between two 
copper strips. A metre scale is fitted on the board parallel to the 
length of wire. Another copper strip is fitted on the wooden board 
in order to provide two gaps. 

In one of the gaps , (say left gap) a resistance box R is 
connected, while in other gap (right gap) an unknown resistance 
S is connected. A cell E and a key K are connected across the 
ends 
A and C as shown in Fig. 6.24. 


R s 



Ffg. 6.24 

Checking of Connections 

Close the key K and put the jockey at the end A of the wire and see 
the direction of deflection in the galvanometer. Now remove the 
jockey from A and put it at the end B of the wire and note the 
direction of deflection in the galvanometer If the direction of 
deflection reverses, the connections are correct. 


i R 
100 - f ” S 


s = 


t 


LOO - £ 


knowing X and R s 5 can be calculated. 

In the simple potentiometer circuit, where 


the length AB of the potentiometer wire is lm, the resistors X 
and Fhave values 5 Q and 20, respectively. When X\$ shunted 
by a wire, the balance point is found to be 0.625 m from A. What 
is the resistance of the shunt? If the shunt wire is 0.75 m long 
and 0.25 mm in diameter, what is the resistivity of the material of 
the wire? 



Sol. Let R be the resistance of the shunted wire, the effective 
resistance of/? and 5 Oin parallel = 5 x R/(5 +/?) 


Al balance point, 


5/?/(5 -f R) 
2 


0.625 _ 0.625 _ 5 
1-0.625 " 0.0375 “3 


On solving wc get, 

r= ion 


Now, 


Ra Rnr 7 


_ 10 x (22/7) x (0.125 xL0~ 3 ) 2 
0.75 

= 6.54 x I0‘ 7 f2m 


Working 

Close the key K and take out some suitable low resistance R from 
the resistance box. Now move the jockey gently on wire AC till 
the galvanometer shows no deflection. Let this point be B on the 
wire. 

Let AB= l 

BC ~ (100- /) 

Let the resistance of the wire between A and B - P and the 
resistance of the wire between B and C - Q 

If /■ - resistance of wire of unit length, then P - lr and 
(100-/) r 

According to principle of Wheatstone's bridge, 

P = R Hr _ R 

qT s ^ (100 -t)r~ S 


- Concept Application Exercise 6.1 - 

1. An ammeter is always connected in series and a voltmeter 
is connected in parallel to the circuit element in any 
electrical circuit. Why? 

2. By mistake a voltmeter is connected in series and an 
ammeter in parallel with a resistance in an electrical circuit, 
what will happen to the instruments? 

3. A )00V voltmeter having an internal resistance of 20 kCl is 
connected i n series wi t h a I arge resistance R across a 110 V 
line. What is the magnitude of resistance R if the voltmeter 
reads 5 V? 

4. What will be the effect on the accuracy of the result if we 
replace a single wire potentiometer by a potentiometer 
having 12 wires, the length of each wire being I m? 
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5, In the circuit shown in Fig. 6.26, a metre bridge is in its 
balance state. The metre bridge wire has a resistance ol : 
1 ohm citT*. Calculate the value of unknown resistance 
X and the current draw\\from the battery of negligible 
internal resistance. 

X c 30 

—WW-i—VWV—i 


40 cm J X 60 cm 


6 V 

Fig. 6.26 

6. The variation of potential difference V with 
length £ in case of two potentiometers X and 
Y is as shown in the given diagram. Which 
one of these two will you prefer for 
comparing e.m.f.s of two cells and why? 

7. Fig. 6.27 shows a potentiometer circuit for 
comparison of two resistances. The balance point with a 
standard resistor/? =10.0 CTis found to be 58.3 cm, while 
that with an unknown resistance X js 68.5 cm. Determine 
the value of X > What would you do if you fail to find a 
balance point with die given cell E ? (Assume R and X are 
much more smaller than r). 


I 1 - 

-vwhk S 
i- Y 

j> 

-AAAAr^ 


Fig. 6.27 

8. Two unknown resistances X and Y are piae|d on the left and 
right gaps of a meter bridge. The null point m galvanometer 
is obtained at a distance of 80 cm from left. A resistance of 
LOO Cl is now connected in parallel across X. The null point is 
then found by shifting the sliding contact towards left by 
20 cm. Calculate X and K 

9. The ammeter shown in Fig. 6.28 consists of 480 Cl coil 
connected in parallel to 20 Cl shunt. Find the reading of the 
ammeter. 



-Hh- 

20 v 

Fig. 6.28 

10. A galvanometer with a coil of resistance 12.0 Cl shows full 
scale deflection for a current of 2.5 mA. How will you 
convert the meter into; 


I. an ammeter of range 0 to 7.5 A? 

ii. a voltmeter of range 0 to l.OV? 

U. What shunt resistance is required to make a 1.00 mA, 20.0 
Cl meter into an ammeter wirh a range of 0 A to 
50.0 mA? 

12. How can we make a galvanometer with R G = 20.0 Cl and 
7^ = 0.00100 A into a voltmeter with a maximum range of 10.0 
V? 

13. In an experiment with a potentiometer, the null point is 
obtained at a distance of 60 cm along the wire from the 
common terminal with a Leclanche cell. When a shunt 
resistance of 1 Cl is connected across the cell, the null point 
shifts to a distance of 30 cm from the common terminal. 
What is the internal resistance of the cell? 

14. The e.m.f of Daniel cell gets balanced on 800 cm length of 
a potentiometer wire. When a 5 Q resistance is connected 
at the terminals of the cell, the balancing length becomes 
400 cm. Find the internal resistance of the cell. 

15. A potentiometer wire of length 1 0 m and resistance 30 Cl is 
connected in series with a battery of e.m.f. 2.5 V, internal 
resistance 5 Cl and an external resistance R . If the fall of 
potential along the potentiometer wire is 50 p. V/mm, find 
(he value of R(\n Cl). 

16. In the experiment of calibration of voltmeter, a standard cell 
ofe.m.f 1.1 V is balanced against 440 cm of potentiometer 
wire. The potential difference across the ends of a 
resistance is found to balance against 220 cm of the wire. 
The corresponding reading of voltmeter is 0.5 V, Find the 
error in the reading of voltmeter. 

17. It is required to measure the resistance of a circuit operat¬ 
ing at 120 V. There is only one galvanometer of current 
sensitivity \0~ 6 A per division. How should the galvano¬ 
meter be connected in the circuit to operate an ohmmeter? 
What minimum resistance can be measured with such a 
galvanometer if Us full scale has 40 divisions? 

18. In a potentiometer experiment, it is found that no current 
passes through the galvanometer when the terminals of the 
cell are connected across 0.52 m of the potentiometer wire. 
If the cell is shunted by a resistance of 5 Cl, balance is 
obtained when the cell is connected across 0.4 m of the 
wire. Find the internal resistance of the cell. 

19. In the circuit shown in Fig. 6.29, a voltmeter reads 30 V 
when it is connected across a 400 ohm resistance. Calculate 
what the same voltmeter would read when it is connected 
across the 300 ohm resistance. 

300 n * 4 oo n 
—W\/V-VWv— 

. «- 

r>o v 

-o c----- 

Fig. 6.29 

(TIT-JEE, 1980) 

20. Draw h circuit diagram to verify Ohm’s law with the help of a 
main resistance ! 0 6 Q. and 10" 3 Q. and a source of varying 
c.m.f. Show the correct positions of voltmeter and ammeter. 

(irr-JEE > 2004) 
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Solved Examples 


WmM * s va ^ U€ of a shunt which passes 10% 

of the main current through a galvanometer of 99 Q? 

Sol. A shunt is a small resistance S in parallel with a galvano¬ 
meter (of resistance G) as shown in Fig. 6.30, 

-VM- 

s 


/ la 

Fig. 6.30 

«-, c) S=, 0 -G. 

And as here, G = 99 Q and / c = (10/100)7 =0,1/ 



S = 


0.17x99 

(7-0.17) 


= —x99 = ll£l 
0.9 


The deflection in a moving coil galvano¬ 
meter falls from 50 divisions to 10 divisions when a shunt of 12 
ohm is applied. What is the resistance of the galvanometer? 


Sol. In case of a galvanometer, I oc Q 
So, 


I c _ 10 _ 1 . . _ 1 

— i-£-> ~ . I 


15 0 5' ' v 5 

Now in case of a shunted galvanometer as shown in Fig. 6.31, 

c I-I g )S=I g G , i.e„ (7 -i/)xl2 = ^ IG 

So, G=4xl2 = 48^ 


(i-h) 

m 

s 


1 h 

Fig. 6.31 

A galvanometer of resistance 95 shunted by 
a resistance of 5 £1 gives a deflection of 50 divisions when joined 
in series with a resistance of 20 Q and a 2 V accumulator. What 
is the current sensitivity of the galvanometer (in div/pA)? 

5 Q 



Fig. 6.32 

Sol. In accordance with the given problem, the situation is 
depicted by the circuit diagram in the figure. As 20 kQ is much 



greater than the resistance of shunted galvanometer (<5 £2), the 
current in the circuit will be 

2 * 

7= -t- = 10” 4 A = (00 (iA 

20 X 10 3 

And as this current produces a deflection of 50 divisions in the 

. * no & 50div 1 div 

galvanometer, CS = - =-=- 

/ IOOjliA 2 jliA 


An electrical circuit is shown in Fig. 6.33. 
Calculate the potential difference across the resistor of 
400 Q, as will be measured by the voltmeter V of resistance 
400 Q, either by applying Kirchhoff 5 s rule or otherwise. 



Fig. 6.33 

(IIT-JEE,1996) 

Sol. Applying Kirchhoff’s law in loop JMGDJ, we get 



Fig. 6.34 

-ll x400 + (7, +72-/,)200+ (7 2 -/ 3 ) 100 =0 

- 200 7 3 + 2007! + 300/ 2 - 300 = 0 

=> 27i+3/ 2 - 5 / 3=0 (i) 

Applying Kirchhoff *s law in CDEFBC : 

100/ 2 -100(4-/3)+ 1007, = 0 

=> 4 - 24-4 = 0 (ii) 

Multiplying eq.(ii) by 2 and subtracting from (i) 

24+34-54-24+44-24=0 

=> 4 = h («0 

Applying Kirchhoff’s law in ABFEGHA 

-34-24 + 24 + 0.1 = 0 (iv) 

Multiplying (ii) by 3 and adding it with (iv) 
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- 3 /,-64 + 3/3-37,-2/2 + 2/3 + 0.1 = 0 
=> -8/2+5/3+04 = 0 

=> -8/3 + 5/3 + 04 = 0 

=> ’ 3/3 = 04 


4 = 


04 

3 


Potential difference across JM - 


04/3 


x 400 


04 

2x3 


x 400 = — = 6.67 V 
3 


Alternatively: we can redraw the circuit as shown in Fig. 6.35. 
The equivalent resistance between G and D is 


R 


GD ~ 


4QQx 400 
400 + 400 


= 200Q 


Since *2!L=il* 

&GD RdB 

It is a case of balanced Wheatstone bridge. 
The equivalent resistance across G and B is 


R 


GB ~ 


300x300 
300 + 300 


= 150 £2 


Current 



\0_ 

150 



E 



Fig. 6.35 

Since RGEB = RGDB , the current is divided at G into two equal 
parts. 

The current ^ further divides into two equal parts at M. 
Therefore, the potential difference across the voltmeter 

= I X 400 = — xJ00 = —V 
4 15 3 



A thin uniform wire AB of length lm, an 


unknown resistance X and a resistance of 12Q. art connected by 
thick conducting strips, as shown in Fig. 6.36. A battery and a 
galvanometer (with a sliding jockey connected to it) are also 
available. Connections are to be made to measure the unknown 


resistance X using the principle of Wheatstone bridge. Answer 
the following questions. 



(a) Are there positive and negative terminals on the galvano¬ 
meter? 

(b) Copy the figure in your answer book and show the battery 
and the galvanometer (with jockey) connected at appropriate 
points. 

(c) After appropriate connections are made, it is found that no 
deflection takes place in the galvanometer when the sliding 
jockey touches the wire at a distance of 60 cm from A. Obtain 
the value of the resistance X. 

(IIT-JEE, 2002) 

Sol. 

(a) No. There are no positive and negative terminals on the 
galvanometer. 



Fig. 6.37 
£ 

(c) v Bridge is balanced, —— = 


R A! _ 0.6 p 


R !n 0.4 p 
where p is the resistance per unit length. 


\2Q 

X 




An unknown resistance is to be determined 


using resistances R { , R 2 or R y Their corresponding null points 
are A, B and C. Find which of the above will give the most accurate 
reading and why?i? = J R 1 or R 2 orR 3 


|—|maAa^ 


ABC 

Fig. 6.38 (IIT-JEE,2005) 

Sol. All null point, the wheat stone bridge will be balanced 


X=R 


X_ = R_ 

n r i >2 

where R is a constant and r { and r 2 are variables. The maximum 









































_ . , AX An Ar 0 

fraction error is-= — +- 

X ij r 2 

Here Ar ( = Ar 2 = y (say) then 



Fig. 6.39 
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AX 


■ = y 


AX 


For to be minimum, r, x r 2 should be maximum 

[ r x + r 2 - c (Constant)} 
Let E= r { xr 2 => E=r l x (r 2 - c) 

dE , ' 

— = (r, - c) + r, = 0 
£/| 

c £ 

^ 2 ^ r2= 2 ^ r,=r2 
=> /?2 gives the most accurate value 


/EXERCISES 


Subjective Type 


Solutions onpage 6.23 


1. 


Consider the potentiometer circuit arranged as in the figure. 
The potentiometer wire is 600 cm long. 

—<—11—VVWv- 


◄-/-►/V 


m 



Fig. 6.40 


a. At what distance from point A should the jockey 
touch the wire to get zero deflection in the galvanometer? 

bt If the jockey touches the wire at a distance of 560 cm from 
Ay what will be the current in the galvanometer? 


2 . 


A cell of e.m.f. 3.4 V and internal resistance 3 Cl is connected 
to an ammeter having resistance 2 Cl and to an external 
resistance of 100 Cl resistance, the ammeter reading is 0.04 
A. Find the voltage read by the voltmeter and its resist-ance. 
Had the voltmeter been an ideal one, what would have been 
its reading? 


A 

- 0 - 

2a 


v 

- 0 - 


-WvW- 


r = ioo n 


Fig. 6.41 

3. Fig. 6.42 shows a metre bridge (which is nothing but a 
practical Wheatstone bridge), consisting of two resistors X 
and Y together in parallel with a metre long constantan wire 
of uniform cross-section. 


Y 



With the help of a movable contact D, one can change the 
ratio of resistance of the two segments of the wire until a 
sensitive galvanometer G connected across B and D shows 
no deflection. The null point is found to be at a distance of 
33.7 cm. The resistor Y is shunted by a resistance of 12 Cl and 
the null point is found to shift by a distance of 18.2 cm. 
Determine the resistance of X and Y. 

4. The circuit shown in Fig. 6.43 shows the use of 
potentiometer to measure the internal resistance of a cell. 



Fig. 6.43 

a. When the key is open, how does the balance poinLchange, 
if the current from the driver cell decreases? 
h When key is closed, how does the balance point change, if 
R is increased, keeping the current from the driver cell 
constant? 

5. Let V and I represent, respectively, the readings of the 
voltmeter and ammeter shown in Fig. 6.44, and let R v and R A 
be their equivalent resistances. Because of the resistances 
of the meters, the resistance R is not simply equal to VIL 











































































6.14 Physics for I1TOEE; Electricity and Magnetism 


it When the circuit is connected as shown in Fig.6.44 (a), 
V 

show that R - - R .. 

i A 

Explain why the true resistance R is always less than VI 1. 
h When the connections are as shown in Fig. 6.46 (b) 



Fig, 6.44 


show that R = - 

1-{VIR V ) 

Explain why Ihc true resistance R is always greater than 
V/L 

c. Show that the power delivered to the resistor in part 
(i) is IV~I 2 jR a and that in part (ii) is rV~(V 2 JR v ). 

6. You are given two resistors X and Y whose resistances are to 
be determined using an ammeter of resistance 0.5 Cl and a 
voltmeter of resistance 20 k Cl . It is known that X is in the 
range of a few ohms, while Y is in the range of several 
thousand ohms. In each case, which of the following two 
connections (Fig. 6.45) would you choose for resistance 
measurement? Justify your answer quantitatively. [Hint: For 
each connection, determine the error in resistance 
measurement. The connection that corresponds to a smaller 
error (for a given range of resistance) is to be preferred.] 



Fig, 6.45 

7. Fig. 6.46 shows a potentiometer with a cell of 2.0 V and 
internal resistance 0.4 Cl maintaining a potential drop across 
(he resistor wire AD. A standard cell which maintains a 
constant c.m.f. of l .02 V (for very moderate currents upto a 
few pA) gives a balance point at 67.3 cm length of the wire. 
To ensure very low current is drawn from the standard cell, a 
very high resistance of 600 k <3 is put in series with it, which 
is shorted close to the balance point. The standard cell is 


/ 

then replaced by a cell of unknown e.m.f. and.the'balancc 
point found similarly turns out to be at 82.3 cm length of the 
wire. 



Fig. 6.46 

n. What is the value of el 

h What purpose does the high resistance of 600 kQhave? 

c. Is the balance point affected by this high resistance? 

dL Is the balance point affected by internal resistance of the 
driver cell? 

e. Would the method work in the above situation if the driver 
cell of the potentiometer had an e.m.f. of 1.0 V instead of 
2.0 V? 

f. Would the circuit work well for determining an extremely 
small e.m.f., say of the order of a few mV (such as the 
typical e.m.f. of a thermocouple)? If not* how will you 
modify the circuit? 

8. A 5 wire potentiometer is connected to a storage cell of 
steady e.m.f. 2 V and 1 Cl resistance. A primary "cell is 
balanced against 3.5 of it. What resistance will be required in 
series with the storage cell to push the null point to the 
centre of the last wire, 4.5 m? (The wire has 3 Cl resistance 
per meter). 

9. In a meter bridge circuit, the two resistances in the gap are 5 
Cl and 10 Cl. The wire resistance is 5 Cl. The e.m.f. of the cell 
connected at the ends of wire is 5 V. and its internal 
resistance is 10 Cl. What current will flow through the 
galvanometer of resistance 30 Cl if the contact is made at the 
mid-point of wire ? 
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10. In the given circuit, a meter bridge is shown in a balanced 
state. The bridge wire has a resistance of IQ/cm. Find the 
value of the unknown resistance X and the current drawn 
from the battery of negligible internal resistance. 



6V 

Fig. 6.48 


11. An experiment with a post office box, the ratio of arms are 

1000; 10. If the value of the third resistance is 999 £1, Find the 
unknown resistance. : 

12. A voltmeter reads 5.0 V at full scale deflection and is'graded 
acceding to its resistance per volt at full scale deflection as 
5Q60 C1N. How will you convert it into a voltmeter that reads 
20 V at full scale deflection? Will it still be graded as 5000 Cl/ 
V? Will you prefer this voltmeter to one that is graded as 
2000 FW? 

13. A battery of e.m.f. 1.4 V and internal resistance 2 Cl is 
connectd to a resistor of LOO Cl resistance through an 
ammeter. The resistance of the ammeter is 4/3 Cl. A voltmeter 
has also been connected to find the potential difference 
across the resistor. 

(0 Draw ibe circuit diagram. 

(il) The ammeter reads 0.02 A. What is the resistance of the 
voltmeter? 

(Hi) The voltmeter reads 1.1 V What is the error in the reading? 

14. Fig.6.49 shows a potentiometer circuit for comparison of 
two resistances. The balance point with a standard resistor 
R = 10.0 Cl is found to be 58.3 cm, while that with the 
unknown resistance X is 68.5 cm. Determine the value of X. 
What would you do if you fail to find a balance point with 
the given cell £7 



15. A potentiometer wire has a length of 10 cm and resistance 
4 Cl, An accumulator of e.m.f. 2 V and a resistance box are 
connected in series with it. Calculate the resistance to be 
introduced in the box so as to get a potential gradient of 
(i) 0. iV/m and (ii) 0.1 mV/m. 

16. Fig. 6.50 shows a 2.0 V potentiometer used for the 
determination of internal resistance of a 1.5 V cell. The 

_ balance point of the cell in open circuit is 76.3 cm. When a 


* resistor of 9.5 Cl is used in the external circuit of the cell, the 
balance point shifts to 64.8 cm Length of the potentiometer 
wire. Determine the internal resistance of the cell. 



Fig. 6.50 


Objective Type 


Solutions on page 6.26 


1. How will the reading intheammeterAofFig. 6.51 beaffected 
if another identical bulb Q is connected in parallel to P as 
shown. The voltage in the mains is maintained at a constant 
value. 



Mains P(X> <?<£> 


£ 


Fig. 6.51 

a. The reading wiil'be reduced to one-half 
b The reading will not be affected 
c. The reading will be double oF the previous one 
d The reading will be increased four-fold 

2. A potentiometer is connected across A and B and a balance 
is obtained at 64.0 cm. When potentiometer lead to B is 
moved to C, a balance is found at 8.0 cm. If the potentio¬ 
meter is now connected across B and C t a balance will be 
found at 



Fig. 6.52 


a. 8.0 cm h 56.0 cm 

c. 64.0 cm d 72.0 cm 

3. In the circuit shown in Fig. 6.53, the reading of the ammeter 
is (assume internal resistance of the battery be zero) 


10V 



Fig. 6.53 
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a. 

c. 




d 2 A 


4. In the circuit shown in Fig. 6.54, resistors X and Y , each with 
resistance R t are connected to a 6 V battery of negligible 
internal resistance. A voltmeter, also of resistance R , is 
connected across Y . 



What is the reading of the voltmeter? 
a. zero b. between zero and 3 V 

c.3V d. between 3 V and 6 V 

5. In the circuit shown in Fig 6.55, of P & R and the reading of 
the galvanometer is same with switch S open or closed, then 



3 - Ir — Iq 
c * 

6. In the shown arrangement of the experiment of a meter 
bridge, if AC corresponding to null deflection of galvano¬ 
meter is jt, what would be its value if the radius of the wire AB 
is doubled? 


b. Ip — Iq 

d I Q = I R 


*1 *2 

—\AAA r —^—VWV— 

n n 

A* -x -C B 

Fig. 6.56 

a. x b xJA 

c. 4 jc d. 2 jc 

7. The length of a wire of a potentiometer is 100 cm, and the 
e.m.f. of its standard cell is E volt. It is employed to measure 
the e.m.f. of a battery whose interval resistance is 0.5 Cl. If 
the balance point is obtained at / = 30 cm from the positive 
end, e.m.f. of the battery is (AIEEE > 20G3) 


30 E 
100 
30 £ 

(100-0.5) 


30 £ 

I00;5 

30 (£-0.5Q 
100 


where / is the current in the potentiometer wire. 

8- In a metre bridge experiment, null point is obtained at 20 cm 
j from one end of the wire when resistance X is balanced 
i against another resistance Y. If X <Y y then where will be the 
i new position of the null point from the same end, if one 
decides to balance a resistance of AX against Y1 

(AIEEE,2004) 


a. 50cm h 80cm 

c. 40 cm d 70 cm 

9. In the circuit shown in Fig. 6.57, the galvanometer G shows 
zero deflection. If the batteries A and B have negligible 
internal resistance, the value of the resistor R will be 

(AIEEE > 2005) 



dr 2 v 


Fig. 6;57 

2l ioooo h sooci 

c iooa d 200 a 

10. In a potentiometer experiment, the balancing with a cell is at 

length 240 cm. On shunting the cell with a resistance of 
2 0, the balancing length becomes 120 cm. The internal 
resistance of the cell is (AIEEE, 2005) 

a. 20 h 40 

c. 0.5 d 1 Cl. 

11. If in the experiment of Wheatstone's bridge, the positions 
of cells and galvanometer are interchanged, then balance 
points will 

a. change 

h remain unchanged 

c depend on the internal resistance of the cell and resistance 
of the galvanometer 
d none of these 

12. Sensitivity of potentiometer can be increased by 
a. increasing the e.m.f. of the cell 

h increasing the length of the potentiometer 
c, decreasing the Length of the potentiometer wire 
d none of the above 

13. The length of a wire of a potentiometer is 100 cm, and the 
e.m.f. of its standard cell js £volt. It is employed to measure 
the e.m.f. of a battery whose internal resistance is 0.5 Cl. If 
the balance point is obtained at I = 30 cm from the positive 
end, then e.m.f. of the battery is 


30£ 

(100-0.5) 


b 


30(£ - 0.5/) 
100 


where / is the current in the potentiometer 


wire 
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30£ , 30 E 

c. -- d. - 

100 100.5 

14. When a 12 ft resistor is connected wilh a moving coil 
galvanometer then its deflection reduces from 50 divisions 
to 10 divisions. The resistance of the galvanometer is 

a. 24ft h 36ft 

c. 48ft d. 60ft 

15. The resistance a galvanometer is 10 ft. It gives full-scale 
deflection when 1mA current is passed. The resistance 
connected in series for converting it into a voltmeter of 
2.5 volts will be 

a. 24.9 ft b. 249 ft 

c. 2490 ft d. 24900 ft 

16. An ammeter of resistance 0.2 ft reading upto 10 mA is to 
be used to read upto IV potential difference. We have to 
connect 

a 99.8 ft resistance in series 
h, 99.8 ft resistance in parallel 
c. 0.1 ft resistance in parallel 
d 0.1 ft resistance in series 

17. A milliammeter of range 10 m A has a coil of resistance 1 ft. 
To use it as an ammeter of range 1A, the required shunt 
must have a resistance of 


1 _ 


1 

a. —ft 

h 


101 


loo 

c. 2ft 

d 

ift 

99 


9 ■ 


18. To use the milliammeter of the previous question as a 
voltmeter of range 10 V, a resistance/? is placed in series with 
it The value of/? is 

a. 9 ft b. 99 ft 

c. 999 ft d. 1000 ft 

19. Two cells ofe.m.fs E { and E 2 (E } > E 2 ) are connected as 
shown in Fig. 6.58 

A B C 


E [ El 

Fig. 6.58 

When a potentiometer is connected between A and B , the 
balancing length of the potentiometer wire is 300 cm. On 
connecting same potentiometer between A and C, the 

g 

balancing length is 100 cm. The ratio — is 

E 2 

a. 3:1 b. 1:3 

c. 2:3 d. 3:2 

20. Fig. 6.59 shows a Wheatstone's net, with P - 1000 ft, 
Q - 10.0 ft, R (unknown), S variable and near 150 ft for 
balance. If the connections across A, C and B y D are 
interchanged, the error range in R determination would 


H 



Fig. 6.59 

a. remain unaffected h increases substantially 

c. increase marginally d. decreases substantially 

21. An ideal ammeter (zero resistance) and an ideal voltmeter 
(infinite resistance) are connected as shown in Fig. 6.60. The 
ammeter and voltmeter readings are 



Fig. 6.60 

a. 6.25 A, 3.75 V h 3.00 A, 5 V 

c. 3.00 A, 3.75 V d. 6.00 A, 6.25 V 

22. A constant 60 V d.c. supply is connected across two resistors 
of resistance 400 kft and 200 kft. What is the reading of the 
voltmeter, also of resistance 200 kft, when connected across 
the second resistor as shown in the Fig. 6.61? 



a. 12V h 15V 

c. 20 V d. 30 V 

23. Fig. 6.61 shows a circuit which may be used to compare the 
resistance R of an unknown resistor with a 100 ft standard. 
The distances / from one end of the potentiometer slider 
wire to the balance point are 400 mm and 588 mm when X is 
connected to Y and Z, respectively. The length of the slide- 
wire is 1.00 m. What is the value of resistance /?? 
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Fig. 6.61 


a. 320 b 470 

c. 68 O d. 147 O 

24. In the circuit shown in Fig x 6,62, an ideal ammeter and an 
ideal voltammeter are used. When key is open* the voltmeter 
reads 1.53 V. When the key is closed, the ammeter reads 
1.0 A and the voltmeter reads 1.03 V. The resistance R is 


-WA- (a)- 



Fig. 6.62 

a. 0.50 b 1.03 0 

c. 1.53 O d. 0.53 £1 

25. In which one of the following arrangements of resistors does 
the meter M, which has a resistance of 2 Q, give the largest 
reading when the same potential difference is applied 
between points P and Q ? 


[ a i n 

p o—WA - WA— \m\ —-o Q 


b. p o- 



[M] 


I—AAA/\/— 
—WA— 


c. P O— 




-o Q 


p o- 


—WV^ 

20 
I o 

AA/A-(a/)— r^Q 


20 

-AAMr 


Fig. 6.63 

26. Fig. 6.64 shows a simple potentiometer circuit for measuring a 
small e.m.f. produced by a thermocouple. 


2.00 V Driver cell R 

Hi-VWV/—| 


0.600 m 


6.00 mV 





Thermocouple 

. t /Galvanometer 


Fig. 6.65 


The metre wire PQ has a resistance of 5 O and the driver cell 
has an e.m.f. of 2.00 V. If a balance point is obtained 
0.600 m along PQ when measuring an e.m.f. of 6.00 mV, what 
is the value of resistance R1 
a. 950 b99SCI 

c. 195 O d. 1995 0 

27. Fig. 6.66 shows a balanced Wheatstone’s net. Now, it is 
disturbed by changing P to LI O. Which of the following 
steps will not bring the bridge to balance again? 


P=10O Q=100n 



a. Increasing R by 2 O 
b Increasing S by 20 Cl 

c. Increasing Q by 10 Cl 1 

d. Making product RQ = 2200 (Cl) 2 

28. In the circuit (Fig. 6.67), the ammeter reading is zero. What is 
the value of the resistance R1 



Fig. 6.67 


a 50 Cl tx 1000 

c. 2000 d. 4000 

29. In the above circuit, in which of the following cases, the 
reading of the ammeter will change if the ammeter resistance G 
is changed? 

a G-50O Lx G = 1000 

c. G = 5000 d. None of these 

30. In an experiment to measure the internal resistance of a cell, 
by a potentiometer, it is found that the balance point is at a 
length of 2 m when the cell is shunted by a 5 Cl resistance 
and is at a length of 3 m when the cell is shunted by a 10 Cl 
resistance, the internal resistance of the cell is then 


/ 
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a 1 . 5 ft h ion 

c 15 n din 

31. When an ammeter of negligible internal resistance is inserted 
in series with circuit* it reads 1 A. When the voltmeter of very 
large resistance is connected across it reads 3 V. But 
when the points A and B are short circuited by a conducting 
wire then the voltmeter measures* 10-5 V across the battery. 
The internal resistance of the battery is equal to 

A B 

-WW—o-—o— 

Ri R2 


£= 12 V 
I— 

Fig. 6.68 


3 

a. — n h 5Q 

7 

c. 3 n d None of these 

32. When a voltmeter is connected across a 400 n resistance, it 
reads 30 V; when it Is connected with 300 ft resistance, it will 
read 



a. 30V h, 22iV 

c. 20V d 25 V 

33. An 80 ft galvanometer deflects full scale for a potential of 20 
mV A voltmeter deflecting full scale of 5 V is to be made 
using this galvanometer. We must connect 

a. a resistance of 19.92 kft parallel to the galvanometer 

b. a resistance of 19.92 kft in series with the galvanometer 

c. a resistance of 20 kft parallel to the galvanometer 

d. a resistance of 20 kft in series with the galvanometer 

34. AD.C. rnilliammcterhas a resistance of 12 ft and gives a full 
scale deflection for a current of 0.01 A. To convert it imo a 
voltmeter giving a full scale deflection of 3 V, the resistance 
required to be put in series with the instrument is 

a. 102 ft b. 288 ft 

c. 300 ft d. 412 ft 

35. A voltmeter having a resistance of 1800 ft is employed to 
measure the potential difference across 200ft resistance 
which is connected to D.C. power su ppl y of 50 V and internal 
resistance 20 ft. What is the approximate percentage change 
in the p.d. across 200 ft resistance as a result of connecting 
the voltmeter across it? 


50 V 20 n 



sl 22% h 5% 

c. 10% d 20% 

36. In the given circuit, the voltmeter and the electric cell are 
ideal. Find the reading of the voltmeter 


i n 


20 0 



Fig. 6.71 


a. IV d 2V 

c. 3 V d None of these 

37. The e.m.f. of the driver cell of a potentiometer is 2V and its 
internal resistance is negligible. The length of the potentio- 
meter wire is 100 cm and resistance is 5 ft. How much 
resistance is to be connected in series with the potentiometer 
wire to have a potential gradient of 0.05 mV/cm? 

a, 1990 ft b. 2000 ft 

c. 1995 ft d. None of these 

38. In the above question, if the balancing length for a cell of 

e.m.f £ is 60 cm, the value of£ will be 

a. 3 mV b. 5 mV 

c. 6 mV d 2000 ft 


39. A , B and C are voltmeters of resistance /?, 1.5 R and 3R, 
respectively. When some potential difference is applied 
between X and K, the voltmeter readings are V A > V Q and V c , 
respectively. Then 



Fig, 6.71 

a. V A = V/ 0 =l/ c h V A *V fl =V c 

^V A = V B *V C d. v B *v A = v c 

40, Amilliainmeterofrange 10 mA and resistance 9 ft is joined in 
a circuit as shown in Fig, 6.72. The meter gives full-scale 
deflection for current I when A and B are used as its 
terminals, if current enters at A and leaves at B (C is left 
isolated), the value of I is 
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9 Cl, 10 mA 



a. 100 mA h 900mA 

c. 1 A d 1.1 A 

41. A candidate connects a moving coil voltmeter V, a moving 
coil ammeter A and a resistor/? as shown in Fig. 6.73. If the 
voltmeter reads 20 V and the ammeter reads 4 A, R is 




R 

MA/V 


Fig. 6.73 

a. equal to 5 ft 
h greater than 5 ft 
c. less than 5 ft 

d gheater or less than 5 Cl depending upon its material 

42. If a shunt of 1/10th of the coil resistance is applied to a 
moving-coil galvanometer, its sensitivity becomes 

a. 10 fold ■ h 11 fold 

— fold d — fold 

10 ; 11 

43. In Fig. 6.74, when an ideal voltmeter is connected across 
4000 ftjesistartce, it reads 30 V. If the voltmeter is connected 
acro'Ss 3000 Cl resistance, it will read 



a. 20V h 22.5V 

c. 35V d 40V 

44. In the given circuit, A and V are ideal ammeter and ideal 
voltmeter. The voltmeter reading will be 


7 V 




a 2V h 3V 

c. 5V d zero 

45. A voltmeter has a resistance of G ohm and range V volt. The 
value of resistance used in series to convert it into voltmeter 
of range nV volt is 

a nC h(n-l)G 

c. Gin dC/(*-l) 

46. A galvanometer has a resistance of 3663 Cl . A shunt S is 

connected across it such that (1/34) of the total current 
passes through the galvanometer. The value of the shunt is 
a 3663ft h 111ft 

c. 107.7 ft d 3555.3 ft 

47. In Q.46 the combined resistance of the shunt and the 
galvanometer is 

a 3665ft h (lift 

c. 107.7 ft d 3555.3 ft 

48. In Q.46, the external resistance which must be connected in 
series with the main circuit so that the total current in the 
main circuit remains unaltered even when the galvanometer 
is shunted is 

a 3663ft h 111ft 

c. 107.7 ft d 3555.3 ft 

49. Two moving coil galvanometers 1 and 2 are with identical 
field magnets and suspension torque constants, but with 
coil of different number of turns, and N 2 , area per turn A { 
and A 2 and resistance /?, and R 2 ■ When they are connected 
in series in the same circuit, they show deflections <9j and 6^ 
Then (0|/<9 2 ) * s 

a (A { N { IA 2 N 2 ) h (A ] N 2 IA 2 N X \ 

c.(/l 1 /? 2 W,M 2 y? 2 W 2 ) d. (A|i? 1 W|M 2 /? 2 A' 2 ) 

50. An ammeter is obtained by shunting a 30 ft galvanometer 
with a 30 ft resistance. What additional shunt should be 
connected across it to double the range? 

a. 15ft ’ h 10ft 

c. 5 ft a None of these 


Multiple Correct 
Answers Type 


' Solu tions on page 630 


1.. Which of the following statements is/are correct for 
potentiometer circuit? 

a. Sensitivity varies inversely with the length of the 
potentiometer wire 

h. Sensitivity is directly proportional to the potential 
difference applied across the potentiometer wire 
c. Accuracy of a potentiometer can be increased only by 
increasing the length of wire 

d Range depends upon the potential difference applied 
across the potentiometer wire 

2. A voltmeter reads the potential difference across the 
terminals of an old battery as 1.40 V while a potentiometer 
reads its voltage to be 1.55 V. The voltmeter resistance is 280 ft. 
Then. 


Fig. 6.74 
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a. the e.m.f. of the battery is 1.4 V 
hi the e.m.f of the battery is 1.55 V 
c. the internal resistance r of the battery is 30 £1 
d the internal resistance r of the battery is 5 Q 

3. A circuit has an equivalent resistance R 0 . A voltmeter of 
resistance /? v is applied across the circuit to measure the 
potential drop across R 0 > The new equivalent resistance of 
the circuit is 

a. /? 0 (for R 0 « /? v ) h ■ ■ — 

Rq +r v 

c. Rq + Rv d Data insufficient 

4. In the circuit shown in Fig. 6.79, the cell is ideal with e.m.f. 9 
V. If the resistance of the coil of galvanometer is 1 £1* then 

C 



Fig. 6.75 

a. No current flows in the galvanometer 
U Charge flowing through 8 |xF is 40 juC 
c. Potential difference across 10 juF is 5 V 
d Potential difference across 10 juF is 4 V 

5. An ammeter has a resistance of 50 £2 and a full scale 
deflection current 50 )iA. It can be used as a voltmeter or as 
a higher range ammeter provided that a resistance is added 
to it. Which of the following is/are true? 

a. 10 V range with approximately 200 k £1 resistance in series 
hi 30 V range with approximately 200 k £1 resistance in series 
c. 1 m A range with 50 Q resistance in parallel 
d 0.1 mA range with 50 Q resistance in parallel 

6. Fig. 6.76 shows a balanced Wheatstone’s bridge 


f? = 5 ft £> Q ” 50 ft 



Fig. 6.76 

2 l If P is slightly increased, the current in the galvanometer 
flows from C to A 

hi If P is slightly increased, the current in the galvanometer 
flows from A to C 


c. If Q is slightly increased, the current in the galvanometer 
flows from C to A 

d If Q is slightly increased, the current in the galvanometer 
flows from A to C 


Assertion-Reasoning 

Type 


Solutions on page 63} 


In the following questions, each question contains STATEMENT I 
(Assertion) and STATEMENT II (Reason). Each question has 
four choices a, b, c and d out of which ONLY ONE is correct. 


a. Statement I is True, Statement II is True; Statement II is a 
correct explanation for Statement I. 
h Statement I is True, Statement II is True; Statement II is NOT 
a correct explanation for Statement I. 
c. Statement I is True, Statement II is False. 

d Statement I is False, Statement II is True, 

1. Statement I; A potentiometer is preferred over a voltmeter 
for measurement of e.m.f. of a cell. 

Statement II: A potentiometer is preferred, as it does not 
draw any current from the cell. 

2. Statement I: The wire of a potentiometer should be of 
uniform area of cross-section. 

Statement II: It satisfies the requirement of the principle of a 
potentiometer 

3. Statement I: In a shunted galvanometer, only, 10% of current 
is passing through the galvanometer The resistor of the 

Q 

galvanometer is G. Then the resistance of the shunt is —. 

Statement II: If S is the resistance of the shunt, then voltage 
across S and G is same. 

4. Statement I: To increase the range of a voltmeter of 
resistance R to n times, its resistance should be increased 
by (n- l) times. 

Statement II: The range of a voltmeter can be increased'by 
connecting a low resistance in series with it. 

5. Statement I: Higher the range greater is the resistance of an 
ammeter. 

Statement II: To increase the range of an ammeter additional 
shunt is needed to be used across it. 

6. Statement I: The resistance of an ideal voltmeter should be 
infinite. 

Statement II: Lower resistance of voltmeters gives a reading 
lower than the actual potential difference across the terminals. 

7. Statement I: Voltmeter always gives e.m.f of a cell if it is 
connected across the terminals of a cell. 

Statement II: Terminal potential of a cell is given by 
V^E-it 

8. Statement I: The e.m.f of the driver cell in the potenti- 
. ometer experiment should be greater than the e.m.f of the 

cell to be determined. 

Statement II: The fall of potential across the potentiometer 
wire should not be less than the e.m.f. of the cell to be 
determined. 
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9. Statement I: Potential measured by a voltmeter across a 
wire is always less than the actual potential difference 
across it. 

Statement II: Finite resistance of voltmeter changes current 
flowing through the resistance across which potential 
difference is to be measured. 

10. Statement I: In a metre bridge experiment, a high resistance is 
always connected in series with a galvanometer. 
StatementH: As resistance increases, current through the 
circuit increases. 


Comprehension 

Type 


For Problems 1-3 



Solutions on page 631 


A battery is connected to a potentiometer and a balance point is 
obtained at 84 cm along the wire. When its terminals are 
connected by a 5 Cl resistor, the balance point changes to 70 cm. 


1- Calculate the internal resistance of the pell. 

a 4 Cl h 2 Cl c.50 d l Cl 

2. Find the new position of the balance point when 5 Cl resistor 
is changed by 4 Cl resistor. 

a. 26.5cm h 52cm c. 67.2 cm d 83.3cm 

3. How can we make a galvanometer with R e = 20.0 Cl and 
7^ = 0.00100 A into a voltmeter with a maximum range of 10.0 
V? 

el By adding a resistance 9980 Cl in paraJlel with the 
" galvanometer 

b By adding a resistance 9980 Cl in series with the 
galvanometer 

c. By adding a resistance 8890 Cl in parallel with the 
galvanometer 

d By adding a resistance 8890 Cl in series with the 
galvanometer 

For Problems4-5 

A battery of e.m.f. 1.4 V and internal resistance 2 Cl is connected 
to a 100 Cl resistor through an ammeter. The resistance of the 
ammeter is 4/3 Cl. A voltmeter is also connected to find the 
potential difference across the resistor. 

4. The ammeter reads 0.02A. What is the resistance of the 
voltmeter? 

sl 400Q b 200n 

c. 20000 d 300 Q 

5. The voltmeter reads 1.10 V. Whal is the error in the reading? 

a. 0.12V b 0.52V 

c. 0.35 V d 0.23 V 

For Problems 6-7 

A cell of e.m.f. 3.4 V and internal resistance 3 disconnected to an 
ammeter having resistance 2 Cl and to an external resistance of 
100 Q. When a voltmeter is connected across the 100 Cl resistance, 
the ammeter reading is 0.04 A. 

6. Find the resistance of the voltmeter. 


a 4000 b 2000 

c. 300 d d 500 d 

7. Had the voltmeter been an ideal one, what would have been 
Its reading ? 

a 7.2V b 1.8V 

a 0.5V d 3.24V 


For Problems 8-11 

A galvanometer (coil resistance 99 d) is converted into an 
ammeter using a shunt of 1 d and connected as shown in 
Fig. 6.77(a). The ammeter reads 3 A. The same galvanometer is 
converted into a voltmeter by connecting a resistance as shown 
in Fig. 6.77(b). Its reading is found to be 475 of the full scale reading. 

12 V i- 12 V ? 

.|]——VWv- 

20 

—0 - 

W <b) 



Fig. 6.77 


8. Find the internal resistance of the cell (r). 

a 2.01 W h 1.01 W c. 3.15 W d5>02W 

9. Find range of the ammeter. 

a2A b 3 A c. 4 A d5A 

10. Voltmeter reading is J ^ 

a 9.95 V b 7.95 V c. 9.75 V d 8.75 V 

11. Find full-scale deflection current of the galvanometer. 

a 0.12 A b 0.5 A c. 0.15 A d 0.05 A 


For Problems 12 -14 

In the connection shown in Fig. 6.78 initially switch K is open and 
the capacitor is uncharged. Then the switch is closed and the 
capacitor is charged up to the steady state and the switch is 
opened again. Determine the values indicated by the ammeter. 
(Given: Vq=30 V,/?, = l0kCl,R 2 = SkCl] 

- 11 - 

c 


—VWV 
*1 


A/WV-0— 


K 


Fig. 6.78 


12. Just after closing the switch 

a. 2mA b 3mA 

c. 0 mA d None of these 

13. A long time after the switch was closed 

a. 2mA -b 3mA 

c. 6 mA d None of these 

14. Just after reopening the switch 

a. 2mA b 3mA 

c. 6 mA d None of these 
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Matching 


it. Power dissipated by 

h increases 

Column Type 

Solulicms on page 6.33 

left resistance R 
ill. Voltmeter reading 

c. decreases 

1. In the circuit shown in Fig. 6.83, battery, ammeter and 

iv. Ammeter reading 

<L becomes zero 


voltmeter are idea) and the switch S is initially closed as 
shown. When switch S is opened, match the parameters of 
column I with the effects in column II 



Column I. 

Column 11 

L Equivalent resistance 

a. remains same 

across the. battery 

-- * 


2. In a potentiometer experiment: 


Column I 


i» Deflection of galvano¬ 
meter is In same direction 
at the two ends of the wire, 
ii. A protective resistance 
added in series to the 
galvanometer 
ill. A short Wire is used as 
a potentiometer 

iv. more length of potentio¬ 
meter up to null point 


Column!! 


a. Accuracy in measure- 
. ment increases 

bL Accuracy in measure¬ 
ment decreases 

c. emff.ofthebattiryin 
the primary circuit is less 
than the of the cell 

to be measured 
d Uncertainty in the 
location of balance 
point increases. 


ANSWERS AND SOLUTIONS 


Subjective Type 


1. a. When the jockey is not connected. 

'-if 

Resistance per unit length: 

1= ^n/cm 

600 

Let £ be the length when we get zero deflection. 

' f£V a ^ = jL*!^ 

{2) 2 1 6r 600 

=> £= 320cm 

h Let potential at/4 is zero 
Then apply Kinchhoff '$ first law 


0) 


Mr 


2r 


\A£ 

22 


_ L 22 J 2 3e 

* r r 22r 




“VW'r 


-vwv— 


O r 

A/vW— 1 


c/2 r 

H 1 —-wvV 


0 


jr - e/2 

Fig. 6 .79 


Alternatively: 

When £ = 500 cm 


r' - 14r 

Using KVLinloop(l) 
£-/,* 14r-/r-/r = 0 
And in loop (2) 

-/|14r + (/ - /,)/• + - = 0 


I E 


1 —vwv- 


14 r 

-AWV- 


-AAAAr — 1 


. & 

11—VWr*-J 

E '■ V-D 

Fig. 6.80 


(D 

(ii) 
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Solving equations (i) and (ii) we have 
(30 xJ Y r-E) = (£-14V) 


2 E 

44 r 


E 

/■ = —— and 

1 22 r 

It 

lO 1 K 


So current in the galvanometer 
Branch = (/-/.)=—- — 


22 r 22r 


8 22r 


2. Let R v be resistance of the voltmeter. The equivalent 
resistance of voltmeter and 100 V resistance 


R' = 


100 R, 


100 + R v 
Net resistance of circuit, 

R nu = R’ = R a + r 


100 R v 

= R' + 3 + 2= --— + 5 


Io + r v 


Current in circuit, 
_ E_ 


3.4 

lOORy 

100 + Ry 


+ 5 


But 


/ = 0.04 A, 


.0.04 = 


3.4 


lOORy 

1.00 + R v 


+ 5 


Solving we get, 

R v = 400Q 
Reading of voltmeter, 


„ nnA lOORy 

V=iR' = 0.04 x v 


- = 0.04x 


100x400 


100+ R V 100 + 400 

= 0.04 x 80 = 3.2 V 

Ideal voltmeter has infinite resistance. In that case net 
resistance of circuit, = 100+ 3 + 2=105 Q 


Current t' = 


3.4 

105 


3.4 

New voltmeter reading W' = i'xR~ x 100 = 3.24 V 

3. As the wire is of uniform cross-section, hence the resistances 
of the two segments AD and DC of the wire are in the ratio 
of the lengths of AD and DC. 

According to the condition of balance of Wheatstone’s 

. .. X ti 
bridge, — = — 

Y i 2 

Here f | = 33.7 cm and ( 2 = 100-33.7 = 66.3 cm 


X__ 33/7 
Y ~ 66.3 


(i). 


As resistance Y is due to a parallel combination of resistance 
Y and a resistance of 12 £2, hence 


1 11 12 + Y ■ 12 Y 

— _ —|- = -or r -* 

Y' Y 12 12 Y .12 + y 


Since Y' is less than Y, hence the ratio XIY will be greater than 
X/Y and the null point should shift towards end C. 

X _ 33.7 +18.2 _ 51.9 
y 7 " 66.3 —18.2 " 48.1 


X (12 + Y) 51.9 
12Y " 48.1 


^ „ 51.9 ^ Y 51.9 1(% 66.3 

12+ Y- -x 12 x — =-x 12 x- 

48.1 X 48.1 33.7 


= 25.47 ft 

Y= 25.47 -12= 13.47 ft 


Putting this value in equation (i), 

33 7 33 7 

X= — xy = — x 13,47= 6.850 
66.3 66.3 

4* & Current in wire AS, I = 2/25 = 0*08 A 

P.D. across AB = 0.08 x20 = 1.6 V 

L 

Potential gradient = P.D. / length 
= 1.6/200=0.008 V cm’ 1 
h Current in secondary circuit 

= e.m.f./total resistance 
= 3/(2.4 + 0.6)= 1.0 A 

Current through 0*6 ft resistance = 1 *0 A 
P.D. betweenA and O 

= P.D. across 2.4 W resistance 
= 1.0x24 = 2.4 V 

Length AO = P.D. / Potential gradient 
=2.4 V / 0.008 V cm - 1 = 75,cm 

5. a. V=IR + IR A => R=y-R x . 

The true resistance R is always less than the reading 
because in the circuit the ammeter’s resistance causes the 
current to be less than the actual. Thus the smaller current 
requires the resistance R to be calculated larger than what it 
should be. 

y V VRy y 

h ' /=—h— => R =-=- 

R R v IR V - V I-V/R v 

Now the current measured is greater than that through the 
resistor, so R = V / I R is always greater than VII. 
c. (i) P=I 2 R = I 2 (V/I-R a ) = IV-1 2 R a . 

(ii) P= V 2 /R = V(I -V/R v ) = IV-V 2 /R v . 
























/ 


Electrical Measuring Instruments 6.25 


6. For X t use (b); for Y use (b). 

Voltage drop across resistance and ammeter will be in the 
ratio of their resistances. 

Arrangement (a) is preferred for Y> whose resistance is large 
as compared to ammeter resistance. 

Arrangement (b) is preferred forX whose resistance is not 
too large as compared to ammeter resistance. Voltage drop 
across the ammeter will be an appreciable fraction of that 
across the resistance and must be excluded. 


7. a. By formula, 


e 


^standard 


L standard 


£- 


82.3Xl.Q2 


l 


standard 


67.3 


= 1.2474 V 


b. To reduce the current through the galvanometer when the 
movable contact is far from the balance point. 

c. No. 
d:No. 

e. No. If e is greater than the emf of the driver cell of the 
potentiometer, there will be no balance point on the wire 
AB . 

f. The circuit, as it is, would be unsuitable, because the 
balance point (for e of the order of a few mV) will be very 
close to the end A and the percentage error in measurement 
will be very large. The circuit is modified by putting a 
suitable resistor R in series with the wire AB so that potential 
drop across AB is only slightly greater than the e.m.f. to be 
measured. Then the balance point will be at larger length of 
the wire and the percentage error will be much smaller. 

8. This means you will not get the balancing point. 

2 1 P 1 - 7 21 

1 + 15 8 p 8 2 16 


21 . , 9 . 7 

— = i x3x-, i = 

16 2 


A = — A 
24x3 12 


1_ 

12 


1 6 + R 


32 

1 


9. 


(7-ij) 5 a (/-/| -i g ) ion 



The distribution of currents is shown in Fig. 6.86. Applying 
KirchhofFs Jaw to closed mesh (1), (2) and (3), we have 


5(t-/|) x30^-2z l or5/-7ij + 30/^ = 0 


0) 


10(/ — 11 “ i ff ) — 2(ii + i 2 )~ 30^ = 0 


101-191^42^ = 0 

;• (ii) 

2i[ + 2(/ 1 + i 2 ) +1 = 5 


4ij + li R + / = 5 

■ Oh) 

From equations (i) and (ii) 


*i = 51, « 

' (iv) 

From equations (ii) and (iii) 

' . J 

13 i= 36^+15 

(V) 

Substituting equation (iv) and (v) in 

equation (iii), we get 


25 


lg 1357' 


10. For the balanced bridge, the ratio of the two resistances is 
equal to the ratio of the lengths of the two parts AJ and JB of 
the wire, i.e., 


X_ 
6Q = 


40 cm 
60 cm 


or X=4 a 


No current flows through the galvanometer G> the 
resistance of the parts AJ and JB are 40 P and 60 Q, 
respectively. If R be the equivalent resistance between the 
points A and B , then we have 

1 = 1 1 
R~ (X + 6)0 + (40 + 60)0 

« = = 0.66A 

II R (100/1)0 


11. In the given case, the ratio arms are 1 OOP; 10 

P_ 1000 
Q~ 10 


■ = 10CM 


or 


— xR = — x 999 =9.99 Q, 
P 100 


Third resistance, R = 999 V 
Let X be the unknown resistance. Then, 

P__ Jl 

OT x 

12. Resistance per volt at full scale deflection = 5000 HV “ 1 
Reading of voltmeter at full scale deflection = 5 V 
/. Resistance of voltmeter 
G= 5000x5 
= 25000 Q 

Also current for maximum deflection, 

IV 


Ig 5000 n 


= 0.0002 A 


Range of voltmeter to be changed to V = 20 V 
Now, R = 4- - C = - 25000 


*= L_ c = _2°. 

I g 0.0002 


= 100000 - 25000 = 75000 0 
Thus, 7500 O resistor is to be connected in series. 
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Resistance of 20 V voltmeter 

= 75000 + 25000 = 1,00,000 Cl 

Its grading becomes = = 5000 CIV “ 1 which is same 

as in the earlier case. A voltmeter with grading 2000 Cl V" 1 
will have less resistance and is therefore not preferred. 

13. (i) The circuit diagram is shown. 



Fig. 6.82 

(ii) Let resistance of the voltmeter be R ohm. The equivalent 
resistance of voltmeter (R ohm) and 100 Cl in parallel is * 
100 XR 100 R * 


100 + R 100+ R 


.4 


Resistance of the ammeter = - Cl. 

3 

Total resistance of the circuit = + — + 2 Cl 

100 +/? 3 

Current in the circuit as read by the ammeter = 0.02 A. 
1.4 


Now, 


0 . 002 = 


100R 4 . 

-H-1-2 

100 + R 3 




or R = 200 Cl 

.’. Resistance of the voltmeter 
= 200 Cl 

(iii) Effective resistance between B and C = 


100x200 
100 + 200 


200 


Cl 


The potential drop across this resistance = circuit 

200 200 4 , 

currentx-= 0.02x-= - V = 1.333 V 

3 3 3 

= - V = 1.333 V 
3 

Reading of the voltmeter = L1 V 
Error in the reading of the voltmeter 

= 1.1-1.333 = -0.233 V 

14. For comparison of two resistances using potentiometer, we 
have, 

A = II 

r 2 

Here, R x = R= 10 Cl t R 2 = X 


or 


t - 58.3 cm, - 68.5 cm 
10x68.5 


X = 


583 


■ = 11.7 Q 


If there is no balance point, it means potential drop across 
R or X is greater than the potential drop across the 
potentiometer wire AB . The obvious thing to do is to reduce 
the current in the outside circuit (and hence potential drops 
across R and X) suitably by putting resistor. 

15. Let R be the resistance to be introduced in the box. Then 
current in the potentiometer wire is given by 

i--®- 
R + t P 

where p is the resistance per unit length of the wire and t is 
the length of the wire. 

Now, potential gradient 

V= Ip= — 

R + tp 

Here, i = 10 m 
p= 4 Q/m 

(i) For V=0.1 V/m, we have 
2x4 8 


0.1 = 


7?+10x4 R +40 


or 


R= — = 40 Q 
0.1 


(it) For V = 0.1 mV/m = 0.1 x l0“ 3 V/m, 

2x4 


we have 0.1 x 10" 3 = 


or 


10“ 4 = 


R + 10X4 
8 


/? +40 

or R = 79960 Cl. ' , 

Note that as there is no current through the cell and 
galvanometer, battery £, internal resistance r and potentio¬ 
meter wire AB are in series. 

16. Internal resistance of a cell using potentiometer is given by, 

A ~ ^2 


r= Rx 




Here 


Hence 


R= 9.5 Cl 
t x = 76.3 cm 
- 64.8 cm 

763 - 64.8 


9.5 x 


r- 9.5 x 
lI-5 -= 1.70 


64.8 


64.8 


Objective Type 


1. c. Resistance is halved. Current is doubled. 

2. h E x oc 64 
8 
l 


E,-E 2 £ 
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64-/= 8 or /=64-8 = 56cm 

3. d. Voltage across 5 Q = 10 V 

1 = — A-2A 

4. b. The circuit may be redrawn as follows: 

/ I 



= "nT6V 


2 



Fig. 6.83 

„ 6 4 

Current is given by 1 = -— = — A 

I s * 

1 2 

Current through the voltmeter is — or — A. 

6 2 R 


Hence, the reading of the voltmeter is ^—J(/?) or 2 V. 

5. a. Since the opening or closing of the switch does not affect 
the current through G, it means that in both the cases there is 
no current passing through S. This means that potential at A 
is equal to potential at B and it is the case of balanced 
wheatstone bridge. I P = IqI r = 1 G and (a) is the correct 
option. 


11 * /?i R\ 

6. a. At null point, — = — = 


- If radius of the wire is 


R 2 R* 100 “ x 
doubled, then the resistance of AC will change and the 

resistance of CB will also change. But since — does not 


R, 


*3 


change, so — should also not change at null point. 

Ra J 

Therefore point C does not change. 

7. a. Using the principle of potentiometer, V <*= l 

VI „ Z 30 „ 30F 

— = — or. V = — E =- E =-. 

EL L 100 100 


8. a 


^20 = 1 or y = 4X 
Y 80 4 


4X_ 

Y 


l 


or 


4X 


l 


or 

or 


9. c. Current through R - 
Voltage across R = 


100-Z 7 4X .100 -l 
1=100-1 or 21= 100cm 
l- 50cm 

12 


500 + /? 
12 R 


500 + /? 


Since galvanometer shows zero deflection, 


500 + /? 
or 12/?= 1000 + 2 R 

or 10/?= 1000or/?=100Q 


10. a. ,= ^ = ^-^ x2 Q- 2Q , 


u 


120 


11. b. When Wheatstone bridge is balanced, then 


P__ R f__Q 
Q~ S ° f R~ S 


If the galvanometer is replaced with a cell in balanced 
Wheatstone bridge, the condition for balanced bridge will 
P Q 

be — - which is there. 

R S 

Hence balance point will remain unchanged, where 
galvanometer shows no current. 

12. b. Sensitivity of potentiometer means the smallest potential 
difference it can measure. It can be increased by reducing 
the potential gradient. The same is possible by increasing 
the length of the potentiometer. 


13. c. E' = 



14. c. L 


IS 

= S + G ^ 
12 + G=60 


10 = 


50x12 
12 + G 


=> G= 48ft 


15- c.i. 


V 

G+R 


10“ 3 = 


25 

10 + /? 


i.e., /?= 2490 

16. a. V=I g (R + G) or /= 10x 10" 3 (r+0,2) 
or 100= R + 0.2, i.e., R= 99.80 

17. c. i g = 10mA = 0.01 A 

r- 1 Q 




B 


(z-y 


s 

AAMr 


Fig. 6.84 

1= 1 A 

V A -V B = i g r = (l-i g )S 

i.r 0.01x1 1 _ 

S ~ (/-/,) " 1 - 0.01 " 99 ° 


18. c. i g = 0.01A 
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R j 

—WA—►— 0- 


r- IQ 
V= (r + R)i g 


Fig. 6.85 

F=10 


R= --r=r^--lln = 999Q 
L U-01 ) 


19. 4 E l <* 300 
£| “ E 2 100 


E { -E : 


■ = 3 or E l = 3E l -3E 2 


„ E\ 3 

or 3£? = 2 E, or —- - - 
21 E 2 2 

20. d. /? is the order of 15,000 Cl. The junctions of the highest two 
and the lowest two resistances are A and C, and for better 
sensitivity, the galvanometer will be between these. So, error 
will decrease with the suggested interchange. 


21. b. Total resistance = 
"75 


5x15 


+ L25 


20 


5 + 15 

+ 1 .25 In = (3.75 +1 .25)n = 5 n 


/= — A = 4A 
5 

Current through 5C1 = — x 4 A = 3A 
20 

Voltmeter reading 

= Potential drop across 1.25 Cl 
= 4x 1.25 V = 5 V 


22. a. Effective resistance across the voltmeter = 


200 


= 100 kn 


Total resistance across d.c. supply = 400 + 100 = 500 kn. 

Thus the voltage across the voltmeter = ^^(60 V) = 12 V. 

500 

23. b. When X is connected to Y, the balance length / is 
proportional to the p.d. across the 100 n resistor. When X is 
connected to Z, the balance length is proportional to the p.d. 
across the 100 n resistor and resistor R . Assuming that the 
current through the 100 Cl resistor and resistor R at balance 
is constant and unchanged when X is reconnected, it follows 


that resistor ratio 


100 + /? 
100 


is equal to the length ratio. 


24. b. A careful analysis would show that the voltage along 
R is 1.03 V. 

1.03= lx/? or R=\.03 Cl 

25. c. If V is the current difference applied across P and Q> the 
current through M is determined by 


Circuit 

Current 

(a) 

VIS- 

(b) 

3 V/8 

(c) 

V/2 

(d) 

VI3 


Hence, circuit arrangement (c) gives the largest reading in 
ammeter M. 

26. b. The voltage per unit length on the meter wire PQ is 


6.00 mV 
0.60m 


or lOmV/m 


Hence, potential across the meter wire PQ is 10 mV/m (lm) 
= 10 mV. 

Current drawn from the driver cell, 


/ = 


lOmV 

5C1 


= 2 mA 


Resistance of the resistor R is 


2V - lOmV 
2mA 


1990 mV 
2 mV 


= 995 Cl 


P R 

27. b. — — —. If P is increased then either P or Q should be 
Q S 


increased or S should be decreased. 


28. b. The terminal potential difference across R due to 12 V 
battery should be equal to 2V which is the e.m.f. of the cell in 
the loop containing the ammeter. 


So 12- 


12 


500 + /? 


x 500 = 2 


^ 12x500 

10= 500 + R 

or 500+7?= 60 or 7?=100£1 

29. d. Reading will remain zero, whatever may be the value of 
ammeter resistance. 

30. b. In case of internal resistance measurement by potentio¬ 
meter, 

Yi_ _ A = {£/?] /(/?! + r)} _ /? ( (/?2 + r) 

V 2 t 2 (ER 2 /(R 2 +r)} R 2 (R { + r) 

Here i x - 2m, l 2 = 3m>R { = 5£2and/? 2 = 10 Cl 


or 


2 _ 5(10+ r) 
3“ 10(5 + r) 


or 20 + 4/*=30 + 3r 


;-= 10 


31. a. Here 


Also, 


T + /?| + /?2 r + /?| + /?2 
r + /?j +/?2— 12 

3= IR { or 3=1 X/?, 


A = 3£l 

When points A and B are connected by a conducting wire, 
R 2 is short circuited. ■ 





































10.5= I'Ry or 10.5 = 7'x3 

7'= ^ = 3.5 A 
3 

But 10.5= E-Vr or 10.5=12-3.5 r 

L5 3. 

/. r= -= —ft 

3.5 7 

32. b. When a voltmeter is connected with 400 ft resistance the 
potential difference = 30 V Since, applied p.d. is equally 
shared between 300 ft resistance and equivalent resistance 
(due to voltmeter and 400 ft resistance), equivalent 
resistance; 


4007? 


= 300 


R= 1200 ft 


400+ R 

When voltmeter is connected across 300 ft resistance, then 
300x1200 


R m = 


** 1200 + 300 


= 240 ft 


^40_24O_3 _ 

7 — K 240 +v 400“ 


^400 


Jj 


400 5 


■■60 


x 60 = 22.5 V 


or 
35. a. 


V, = £-ir = 50- 


x 20 


33. b. The current through the galvanometer producing full scale 
deflection is 

, V 20 xl 0 -3 _ in _ 4 A 

7= — =-= 2.5 x 10 4 A 

R 80 

To convert the galvanometer into a voltmeter, a high 
resistance is connected in series with the galvanometer 
5 V = (2.5 x KT 4 )(7?+80) 

R= 19.92k£2 

34. b. Here, V~I(r+R) 

3= I(\2+R) 

3=0.01(12 +R) or R = 300-12 = 288 £2 
50 
220 ' 

= 50-4.6= 45.4 V 

Now, V, = 50-—x 20 = 44.4 V 
. 2 180 

V, - Vo 

Percentage change = ^ x 100 = 2.27 (also see the 

question) 

36. a. The electric current through ideal voltmeter is zero. 
According to loop rule, 

£-1x7-1x7 = 0 =j> 7=— = - = lA 

2 2 

Reading of the voltmeter 

= V A -V B = l\xl) = [lx\] = lV 
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37. c. Let the series resistance = R 

_ R 

-vAAA/— 


5£2 

ww— 


Fig. 6.86 

Then the current through potentiometer wire 


P.D. across 100 cm wire = 


P.D. on 1 cm wire = 


2x5 
/f + 5 


10 1 
x- 


R + 5 = 


10 J 


(r+5) 100 

1 

: 10(7?+ 5) 
-=2000 


10x0.05 
R= 2000 -5 = 1995 ft 

38. a. The value of E = Potential gradient x Length 

= 0.05x60.3 = 3.015 mV 

39. a 


V A =iR 


2 i 


V R =2i- — x 1 .5R = iR 


V c =(i/3)(3R) = /R 


2/73 


1.5 R 

S —1 


40. c. 


Or 


/73 

Fig. 6.87 

ig = 10 mA = 0.01 A 
V A -V B ={I-i 8 )0A = i g 
10x0.01 


(§)— 1 

3 R 


/ = 


0.1 


= 1 A 




o.i a 

ww- 


4* 

Fig. 6.88 

41. h Let a current of jc ampere passes through the voltmeter; 
then (4 - x) ampere passes through the resistance R. 
Therefore, voltmeter reading 
20= (4-x)R 
20 

R= - -, i.e., 7?>5 ft 

4 - x 
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42. d. !*.. S 


/ S + G 

7 « (0/10) 1 

I ~ (G/10) + G 11 

Initially, = 81 Ig 

Finally, after the shunt is used, 
a f ~ 811 

ctf _ 8JJ_ 

a, ~ 8II g ~ I ~ 11 


( 1 ) 

( 2 ) 


1 


So, current sensitivity becomes — fold. 

43. b. Let I be the current in the circuit, then 
1x4000 = 30V 

A voltmeter is put across 3000 resistance 

1x3000= -^-x3000 = 22.5V 
4000 

44* d. Ideal ammeter has zero resistance. So, potential drop 
across it-IRA = Ix0 = 0 

45* b. We know that R - — - G 

! g 

The voltmeter gives full-scale deflection for potential 
difference V. Its resistance is G, 

Hence l g =(VIG) 

Given that V~nV 


R = 


nV 

(V/G) 


-G = (n-1)G 


1 „ 


„ ‘ g S 1 S 

46* b. — x-or — =- 

I S + G 34 >£+G- 

S = (G/ 33) = (3663/33) = 1110 

SG 11x3663 

47. c. R, = -—- = = 107.7O 

J 5 + G 111x3663 - 

48. d* Compensation external resistance 

SG 

= G-—- = 3663 -107.7 = 3555.3 O 
S + G 

49* a. /= ——9 
MBA 

Given that /j =/ 2 
K6y K9 1 


N ] BA ] N 2 BA2 
So ^ 


0 2 A 2 N 2 


50* b. For ammeter, 5 = —-— x G 
1 -l a . 


S I g G 

— = —-— or — 
G l-l g S 


\ 


—-7 

v/* ') 


or . —= — -lor 1-11 

30 l s 

New range is doubled, i.e., 4 I g 
Now shunt required, 


S = 


.xG = 10 0 


This can be obtained by shunting the earlier shunt of 30 O 
with an additional shunt of 10 O. 


Multiple Correct 
Answers Type 


1. c.,d. 

Sensitivity < 


U 1 ! - 




A Wi' 

’■ f 1 •■ : ■ •; 1 , -V. t : ‘ A-' I ' A ':7 


1 


Length of potentiometer Wire 


« Potential difference across the potentiometer 
wire. 

2. b.,c 

The potential measures the exact value of e.m.f. of a battery 
E= 1.55V 

Also 1*4=7(280) 7 = 0.005 A 

E-V 1.55-1.40 


Also V-E-lr .■* r- 


l 0.005 


0.15 

0.005 


= 300 


3* a.,b. 

Since voltmeter is a device connected in parallel across the 

- . . ~ 

circuit, hence 7? equivatcnl = . 

For Rq « R v ^ ^equivalent — ^0 

(i.e., resistance of the circuit remains unaltered when a 
voltmeter of extremely high resistance is applied across the 
circuit) 

4. a.,b.,d. 

R C 

Since — = —, the Wheatstone’s bridge is balanced. 
*2 C\ 

Hence, V c = V D . No current passes through the 
galvanometer. 

Hence, choice (a) is correct 

Potential difference across = potential difference across 
C { - 4V 

Potential difference across R 2 = potential difference across 
C 2 = 5 V 

Potential difference across 5 O is the potential difference 
across 8 jitF capacitor. So, charge across 8 (iF capacitor 
Q = CV. 

Q- 8 jitFxS V = 40[xC 

Hence (b) is correct and also choice (d) is correct. 
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5. a.,d 



7= 


Fig. 6.89 

10 10 


50 + 200 X10 3 200 xlO 3 


= 50 jiA 



Fig. 6.90 

50x50=50(7-50) 7= 100(iA = 0.1 (J.A 

6. b., c. 



If P is slightly increased, potential of C will decrease. 
Hence current will form A to C. 

If Q is slightly increased, pot. of C will inc, hence current 
will flow from C to A. 


Assertion-Reasoning 

Type 


1. a. In a balanced condition, the potentiometer does not draw 
any current, and hence does not disturb the circuit* 

2. a. Principle of a potentiometer states that drop of potential 
across any segment of the potentiometer wire is directly 
proportional to its length. This can be satisfied if the wire of 
the potentiometer has a uniform area of cross-section* 

3. a. Potential drop across galvanometer = potential drop 
across shunt, i.e*, 





( 


Here: I R 



Hence, 



4. c. Initially, 


G 

9 



i x 

-0-vAAAri 

nV -* 


Fig. 6.92 

After the range is increased, 


nV= I g (R+x)' => x ”—- R 

h 

nV 

= - - R=nR-R = (n-\)R 

V1R 

5. d. Lower the resistance of an ammeter, higher is the range* 

6. a. If resistance of a voltmeter is not infinite, it will draw some 
current from the circuit and finally the reading will be less 
than actual* 

7. d. Voltmeter gives terminal potential (V) though it can give 
e.m.f. if internal resistance of the cell is zero* 

8. a. If either the e.m.f. of the driver cell or the potential 
difference across the whole potentiometer wire is lesser than 
the e.m.f, of the experimental cell, the balance point will not 
be obtained. 


9. a. 


E - _ RRf 

R' eq R + R v 


WW 

R 



Fig. 6.93 

. _ £ 
h ~ (RR V /R + R V ) 

10. (c) The resistance of a galvanometer is fixed. In metre bridge 
experiments, to protect the galvanometer from a high 
current, high resistance is connected to the galvanometer in 
order to protect it from any damage. 


Comprehension 

Type 


ForProblemsl-3 

1. d. ,2.c., 3.b. 

Sol. We have 





1Q.0V 
0.00100 A 


- 20.0Q = 99S0CI 


At full-scale deflection, V ab = 10.0 V, voltage across the meter 
is 0.0200 V, voltage across R s is 9.98 V, and current through 
the voltmeter is 0.00100 A. In this case most of the voltage 
appears across the series resistor 
The equivalent meter resistance is R eq = 20*0 Cl + 9980 Cl 
~ 10,000 Cl . Such a meter is described as a “ 1,000 ohms-per- 
volt meter'* referring to the ratio of resistance to full-scale 
deflection. In normal operation the current through the 
circuit element being measured is much greater than 0.00100 
A, and the resistance between points a and b in the circuit is 
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much less than 10,000 Q. So the voltmeter draws off only a 
small fraction of the current and disturbs, only slightly the 
circuit being measured. 


denoted by R and the internal resistance of battery by r. 
The equivalent resistance of the parallel combination of 
R and R 2 is given by 


ForProblems4-5 
4. b.,5,d. 

Sol. Fig 6.99 shows the circuit diagram. 



Fig. 6.94 

a. Let R be the resistance of the voltmeter. Then the total 
resistance in the circuit is 



where Y is given by 

I _L_ 1 iQOfl 

R + 100 “ Y. ° r “ 100+ 

Therefore, 

4 100 R 10 310/? +100 

y + - + 2=-H — =- 

3 100 +./? 3 3(100 + R) 

The current I is given by 

I= e.m.f. _ 0.4x3(100+*) _ ao2A 

total resistance 310/? +100 


Therefore 6.2 R + 20 = 4,2(100 + R) 


which gives R = 200 D, 

b. The total resistance X of the 100 ^2 resistor and the 
voltmeter is given by 

_L '1 _ 3 
X ~ 100 + 200 "200 



Potential difference across the voltmeter 


200 


x0.02 = 1.33 V 


Voltmeter reading = 1.0 V 
Error= 1.33-1.10 = 0.23 V 


ForProblems6-7 
6. a.,7.d. 


Sol. Let R { and R 2 be the resistances of the ammeter and the 
voltmeter, respectively. Let the external resistance be 


/?' = 


RR 2 


R + 

The total resistance RT of circuit then becomes 


RT= R { + r + 


RR 2 
/? + /?>> 


The current in the circuit is given by 
E 


1 = 


n /?/?2 

/?, + r +- 2 - 


R + /?2 

This must be equal to 0.04 A, the reading indicated by the 


ammeter. 


3.4 


2 + 3 + 


100 R 2 
100+ R 2 


5 + 


100*2 
100 + /?2 


3.4 

0.04 


= 85 


100/?, _ 

_ t __ co - 

100 + /?2 

which on simplification gives 
R 2 = 400 Cl 

Total current I divides itself into /, along R and / 2 along R 2 . 

h . f-Ll,’ 


100 x 0,04 
1 100 + 400 


— = 0.008 A 
500 


Potential drop across R 2 is given by 

V= I 2 R 2 = 0.008 x 400 = 3.2 A 

The voltmeter shows this reading. 

In case of an ideal voltmeter, no current flows through it. In 
that case current in the circuit is 


/' = 


3.4 

2 + 3 + 100 


3.4 

— = 0.0324 A 
105 


Potential drop across the resistance R would be 100 x 0.0324 
= 3.24 V. This should be the reading indicated by an ideal 
voltmeter. 


For Problems 8-11 
8. b.,9. d., 10. a., 11. d. 

Sol. For ammeter: 

99/,= (/-/,)/ or /= I00/ D (0 

/, is the full-scale deflection current of the galvanometer and 
/ is the range of ammeter 
For the circuit in Fig. 6.81 (a) 
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! f if g)”£ 


—MV 
i n 

Fig. 6.95 


12V 


2 + r + 


Wxl 


= 3 A 


r= 1.01ft 


M + l 

For voltmeter, range: 

V= 4(99+ 101) 

. V= 2004 (ii) 

Also resistance of the volt meter = 99+ 101 =200 ft 
In Fig.6.8l(b) resistance across the terminals of the battery 

200x2 


/?! = r+- 


202 


= 2.99 ft 



Fig. 6.96 

Current drawn from the battery, 


/,= — = 4.01 A 
1 2.99 


Voltmeter reading: 


— V = 12-/./'= 12-4.01xl.01 
5 

V= 7.96 x -=9.95 V 
4 

9 95 

Using (ii),/ = — = 0.05A 
K 200 

Using (i) J range of the ammeter: 1 = 100 I g = 5 A 


For Problems 12-14 

12. c, 13- ft., 14.a, 

Sol. 12. c. Just after closing, capacitor behaves as a short 
circuit and all current flows through it. hence ammeter reads 
zero. I 

13. a. After a long time capacitor behaves like an open circuit 
and no current flows through it. 


Therefore i = --— 

/?, + R 2 


30 

10 + 5 


= 2mA 


14. a. Just after reopening, potential difference across R 2 
remains same as charge on the capacitor does not 
change initially, hence current remains same. 


Matching Column Type 


1. L b., H. c., ill. -+ c., iv. c. 

When the switch is closed, equivalent resistance is R. After 
opening the switch, equivalent resistance becomes 2 R. 
Hence'equivalent resistance increases. 

Also current through the battery decreases, hence ammeter 
reading decreases. Current through the left R also decreases. 
So voltmeter reading decreases and power dissipated 
through the left R also decreases. 

2* i. — » Cm H. ~> d., ill- “+ b^M iv. — > a- 

i. If deflection in a galvanometer is in some direction for the 
position of jockey on one side of the null point, then for 
the position of jockey on the orher side of the null point, 
the deflection in the galvanometer should be in the 
opposite direction. But if e.m.f. of the battery in the 
primary circuit is less than the e.m.f. of the cell to be 
measured, then for all positions of jockey on wire, 
deflection in the galvanometer will be in one direction 
only. 

ii. Due to protective resistance, the galvanometer will show 
less deflection when away from the null point. Hence 
uncertainty in location of the null point increases. 

iii. For a short potentiometer wire, accuracy is less. 

iv. For a long potentiometer wire, accuracy is more. 
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HEATING EFFECT OF CURRENT 

When an electric current is passed through a conductor, it 
becomes hot and its temperature starts rising. This is known as 
heating effect of current or Joule's heating effect. Here electric 
energy converts into heat energy. 

Various appliances, such as geyser, iron, heater, fuse wire, etc. 
work on this basis. 

Cause of Heating 

When current is passed through a conductor, the electrons start 
drifting towards the +ve end. They gain additional K.E. apart from 
thermal K.E. These electrons suffer collisions with atoms/ions 
more violently and transfer their K.E. to atoms/ions. It increases 
the amplitude of vibrations of ions/atoms. Thus average K.E of 
vibrations of atoms/ions increases which shows up in the form of 
increased temperature. Here, the electric energy supplied by the 
source of e.m.f. is converted into heat. 

Heat Produced by an Electric Current 

Let a current l is flowing in a resistor of resistance R (Fig. 7.1). 
Amounj oJ^^}g£-,passed through resistor in time t: q-It 
Decreases in the potential of this charge; V = IR 
Decreases in the potential energy of charge ~qV- I 2 Rt 

ri—-VWV-1— 

A 1 R B 

Fig, 7.1 

This decrease in the energy will appear in the form of heat 
energy. 

So electric energy produced in a resistor of resistance R in 
time t in which a current 7 is flowing is given by 

H = I 2 RT (This is Joule's law of heating.) 

Joule’s law of heating: It states that amount of heat produced 
in a conductor is directly proportional to (i) square of current, 
(ii) resistance of conductor and (iii) time. 

Other forms of H: H = l 2 Rt = — -VIt 

R 

Joule's heating effect is irreversible. The resistor will become 
hot (and not cool down), if current is sent in any direction. 

As H 7 2 , heating effect of current is common to both d.c. 
and ax. This is why instruments and appliances such as filament 
bulb, heater, geyser, press, toaster, etc. work both on d.c. and a.c. 

Electric Power Produced in the Circuit 

It is the energy produced in the resistor per unit time. 

u 

P = — => p = i 2 r= — = VI 
l R 

Units of Electric Energy and Electric Power 

Unit of electric energy: J, cal, kWh, etc. 

1 cal = 4.18 J« 4.2 J 

Relation between kWh and joule: 1 kWh = 1000 W x hour 
= 1000 W x 3600 s = 3.6 x 10 6 Ws = 3.6 X LO 6 J. 


1 kWh is the energy consumed by an appliance of power 1 kW 
when it runs for 1 h. 

Commercial unit: 1 kWh is one unit of electricity. To calculate 
number of units, we can use 


Number of units = 


watt x hour 
1000 


The energy dissipated in kWh can be calculated using the 
following relation: 


V(in volt) x 7 (in ampere) x t (in hour) 

“ 1000 

Unit of electric power: W, kW, MW, hp; 1 kW = 10 3 W, 
1 MW = 10 6 W, 1 hp = 746 W. 


Some Important Points 

1. If the resistances.are connected in series, then using; 
P - I l R % power developed will be higher in.the resistor x 
of higher value as current will be same in all resistors. 

2. If the resistances are connected in parallel, then using 

V 2 

P - ~, the power developed will be higher in. the 

resistor of lower value as potential will be same across 
all resistors. 


iiiiwmiMMa Two wires of same mass, having ratio of the 
lengths 1:2, density 1:3 and resistivity 2:1. They are connected 
one by one to the same voltage supply. The rate of heat dissipation 
in the first wire is found to be 10 W. Find the rate of heat 
dissipation in the second wire. 


Sol. Given 


iL = 1 


f 2 2 d 2 3 P 2 1 

_ /VlAt _ P\t\dy 
P\ R 2 P2^2A ^ 

\2 


; m =A i £ l d { =A 2 t 2 d 1 






— = -x - x — = — 


1 - 1 


3 6 


! 6 6 3 


3. To determine the resistance of a bulb (or other 
appliances): Let a bulb is designed to operate on a voltage 
V 0 and its power indicated on it is P Q (see Fig. 7,2). The 

u 2 

resistance of the bulb is given by R = —. 

p o 



Fig. 7.2 














>4 

Now let a potential difference of V is applied across this 


bulb, then power consumed is given by P = 
If V=V 0 ,thenP='P 0 , ' ■ 


V 




\Voj 


The above formula is very the convenient to calculate 
the power consumption when the applied voltage is 
different from the specified one. 

An electric appliance consumes the specified power 
P 0 only if it runs at the specified voltage V Q . If the 
applied voltage V A is greater than the specified voltage 
the appliance may get damaged as in this situation 
I =(V a /R) will exceed its current capacity I C -(V 0 /R). 
Further, if an appliance is made to run at a voltage 
lower than the specified, then true power consumption 
will be less than the specified Value. 


'I f A 100 W bulb is designed to operate on a 
potential difference of 230 V. 


. i. Find the resistance of the bulb. 

ii. Find the current drawn by the bulb if it is operated at a 
potential difference for which it is designed. 

iii. Find the current drawn and power consumed by the bulb 
if it is connected to 200 V supply. - 


Sol. Power rating of the bulb: P 0 = 100 W, voltage rating of the 
bulb: V 0 = 230 V. 


i: Resistance of the bulb: 

ii. Current drawn: 



100 

230 _ 10 
529 " 23 A 


... r 200 

ui. /= -A, 

529 


P = / 2 P = 



x 529 = 75.6 W 


A 500 W heating unit is designed to operate 
from a 200 V line. By what percentage will its heat output drop if 
the line voltage drops to 160 V? Find the heat produced by it in ^ 
min. 


Sol. Actual power consumed: 




500 


= 320 W. Heat output drop ^ 500 - 320 = 180 W. 


% Heat drop =-x 100 = 36%. 

500 

Heat produced in 10 min (600 s) is given by 

H= 320 x 600 = 192 000 J - 192 kJ 


4. Two bulbs connected in series: Let two bulbs of same 
voltage rating V 0 and power ratings P 0I and P 02 are 
connected isn series. Let P 0 | > P 02 ■ Let potential V is 
applied across them as shown in Fig. 7.3. 
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I 


A, An 




Pi 


V 

Fig. 7.3 

Resistances of the bulbs: 




v,i 


r 0l M>2 

Let power produced in them are P { and P 2 > respectively. 
Then P, = I 2 R { and P 2 = I 2 R 

Now given: P*i>P<n }F> A<Pr => Pi*Pi . 

It means the bulb having more power rating, will 
consume less power. 

Total power produced: 

i/ 2 

p=p l+ p 2 = 


V' 


Ry + R 2 
fy' 2 


YL + YL 




^ 01^02 


r 0l 


Pc 


02 


If V= V 0 , then P = 


^01^02 

P 0l+ P 02 


.. T i .-i - ■ JL 

— + — 


P Pc 


01 


r 02 


Note: 

In series if any one bulb gets fused, then others will not 

glOW . II- 


5. Two bulbs are connected in parallel: Le-t two bulbs of 
same voltage rating V 0 and power ratings />pi arid P^ 
are connected in parallel. Let,P 0l >P 61- Let potential; V 
. is applied across.them as shown in Fig. 7.4. 



Fig. 7.4 


Resistances of the bulbs: 

v} V 2 

E> _ ^0 P _ y 0 1 

A i — -, /V) — — r~ 

1 p 1 p 1 \ 

*01 *02 : 

Let power produced In them are P ] and P 2 , 


rsespectively. Then P { = — and P 2 = —. 


ft 


Now given: Po\ > P{ 


02 


R\<R 2 


Pi >P, 
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It means that the bulb having m<(re power rating will 


consume more power, 
s, Jotai power pfoduced: 

1 / / t 

7/ . „ [ v 2 v 2 v 2 


P= P\ +P 0 , = -rf + — = —^oi 


. P| R') 


,2 ^02 


■/ 


\2 


(ftl + ^02 ) 


If.V=V 0 , then P = P 0 ] + P02* 


i Note: 

In parallel if any ofie bulb gets fused , then others will 
I : t continue to glow . 

Two bulbs are marked 220 V-100 W and 

220 V-50 W. 

i. Which bulb will produce more illumination if they are 
connected in parallel to a 220 V supply? 

ii. Which bulb will produce more illumination if they are 
connected in Series to a 220 V supply? 

iii. Also find the total power consumed by both the bulbs in 
each of the two parts above. 

Sol. 

i. First bulb. In parallel more is power rating more is the power 

tproduced. , ' ' * _ 

ii. Second bujb. In series more is power rating less is the power 
produced. 

iii. In first part: P = P 01 + P 02 = 100 + 50 - 150 W. In second 

paB:P= '/A ,1002150,100 w 


^ + P 02 


150 


Illustration 7.5 


Two bulbs are rated 30 W-200 V and 
60 W-200 V. They are connected with a 400 V power supply. 
Find which bulb will get fused if they are connected in 
(i) series and (ii) parallel. 

Sol. 

,. Rl = £ 2 ?)! aS ! =« l Q 

1 30 60 12 

Hence voltage across first bulb will be greater than 200 V. 
So, it will get fused. 





Fig. 7.5 

ii. In parallel, potential across both the bulbs will be same and 
equal to 400 V. So both will get fused. 


iimihm An electric tea kettle has two heating coils. 
When one of the coils is switched on, boiling begins in 
6 min. When the other coil is switched on, the boiling begins 
in 8 min. In what time, will the boiling begin if both coils are 
switched on simultaneously (i) in series and (ii) in parallel. 

Sol. Let power of first coil is P\ and that of second coil is P 2 . 
Let H is the amount of heat required to boil water. Then H = P l t [ 
- P 2 t 2 where t { = 6 min, t 2 = % min. 

i. When the coils are connected in series: 


P = 


PA 

p> + p> 


'=”=H 

p 




1 

■ H- 

P 2J 


= H 


i + i.l 

H H J 


= /, +f 2 = 6 + 8 = 14 min 
ii. When the coils are connected in parallel: 
p=p l + p 2 . 

H_ H H 

P 




PA Pi 

t t t 2 _ 6x8 
“6 + 8 


H + H 
h h 

= 3.43 min 


U +L 


6. Let a resistance R under a potential difference V 
. dissipates power: . , - r 

#•. ■ 

R 

So, if the resistance is changed from R to (R/n) keeping 
V same, the power consumed will be 

^ V 2 

P r - = ft — = nP (iv) 


v 2 - 

= n — = nP 
(R/n) R 


that is, if for.a given voltage, resistance is changed from 
R to (P/n), power consumed changes from P to nP. 

7. If n equal resistances are connected in series with a 
voltage source, then power dissipated will be 


5 nR 


[as R s = nP] 


And if the same resistances are connected in parallel 
with the same voltage source, 


P p = 


nV l 


(R/n) R 


(as R P = (R/n)] 


(v) 


So, — = n 2 or P P = n 2 P s 

Ps 

that is, power consumed by n equal resistors in parallel 
is primes that of the power consumed in series, if V 
remains same. 
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Maximum Power Transfer Theorem 


Suppose we want to find that for what value of the external 
resistance the maximum power will he drawn from a battery? For 
this, let in the shown network (Fig. 7.6) power developed in 
resistance R is 


P = 




i—fP-AMAr 


A/WV 


Fig. 7.6 

Now, for dPIdR = 0 (for P to be maximum dP/dR = 0) 

Ei (R + r?~2(R)(R+r) 

(R + r? 

=> (r±R) -2r => r~R 

It means power output is maximum, when the external 
resistance equals the internal resistance R = r. 

How will you connect (series and parallel) 24 
cells each of interna] resistance 1 Q. so as to get maximum power 
output across a load of 10 W. 

Sol, Total number of cells: mn = 24. For maximum power: 


— R =$■ n = 10m 
m 

=> 10m 2 = 24 =$ m=sf2A=l.55 

24d (24e^ 

i. ifw- l,/=-then P, = - x 10 = 4,98 

34 1 L 34 ^ 

ii. jfm = 2,7= pj—j then P 2 = X 10 = 5.625^ 2 

So, we have two rows (m = 2) each containing 12 cells 
(n = 12) in series. 


Sol. 

a. Rate of chemical energy consumption of the cell = £/= 1.5x2 
= 3 W. 

b. Rale of energy dissipation inside the cell = / 2 r = (2 ) 2 x 0.1 = 
0.4 W. 

c. Rate of energy dissipation inside the resistor = ! 2 R = El-Pr= 
3 - 0.4 = 16 W. 

d. Power out = 1 2 R - 2.6 W. 


SOME APPLICATIONS 


(a) Fusing of bulb when it is switched on 

Usually filament bulbs get fused when they are switched on. 
This is because with rise in temperature the resistance of the 
bulb increases and becomes constant in steady state. So the 
power consumed by the bulb (V 2 IR) initially is more than 
that in steady state and hence the bulb glows more brightly in 
the beginning and may get fused. 


Illustration 7.9 


_ Two wires made of tinned copper having 

identical cross-section (=10"* m 2 ) and lengths 10 and 
15 cm are to be used as fuses. Show that the fuses will melt at 
the same value of current in each case. 


Sol. The temperature of the wire rises to a certain .steady 
temperature when the heat produced per second by the current 
just becomes equal to the rate of loss of heat by radiation from its 
surface. 


2 2 P f 

Heat produced per second by the current -1 R - 1 —r, 

n r 


where / is the length, r is radius of the wire and p is the specific 
resistance. Let H = heat lost per second per unit surface area of 
the wire. If we neglect the loss of heat from the end faces of the 
wire, then heat lost per second by the wire = H x surface area of 
wire = H x 2icrl. 

At steady state temperature, 

H x 2nrt = or W = —-T-t (0 

nr 1 2 *V 


From (i) we note that the rate of loss of heat (H) which in turn 
depends upon the temperature of the wire is independent of 
length of the wire. Hence the fuses of two wires of the same 
values of >■ and p but of different lengths will melt for the same 
value of current in each case. 


A dry cell of e.m.f. of 1-5 V and internal 
resistance 0.10 W is connected across a resistor in series with' 
a very low resistance ammeter When the circuit is switched 
on, the ammeter reading settles to a steady value of 2.0 A. 

a. What is the steady rate of chemical energy consumption 
of the ceii? 

b. Wbat is the steady rate of energy dissipation inside the cell? 

c. What is the steady rate of energy dissipation inside the 
resistor? 

d. What is the steady power output of the source? 


(b) Decrease in the brightness of bulb after long use 

Also due to evaporation of metal from the filament (which 
deposits as black substance on the inner side of glass wall), 
the filament of the bulb becomes thinner and thinner with 
use. This increases the resistance [R = pUizr 2 ] of the bulb 
and as r = V 2 IR the brightness of light emitted by a bulb 
decreases gradually with time. 

(c) Decrease in brightness of a bulb in a room when a heavy 
current appliance is switched on 

As shown in Fig. 7.7(a) if the bulb draws a current /, from the 
source, then terminal voltage of source = V = (E - I y r) 
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and so power consumed by the bulb is, P = — =-. 

R R 

Now, when a heavy current appliance such as motor, heater 
or geyser is switched on, it will draw a heavy current, say 
from the source so that terminal voltage will become 

V'=[£-(/ I+ / 2 )/-] = (V-/ 2 r) (<v) 

and hence power consumed by the bulb will now be 

i <P 

R R 

So, the brightness of the bulb decreases. 


Note:; • & b ■ 

♦ If the source is ideal\ i.e., r-Q ? V' - V = E theriP'[ = P, 
fe. } there will be no change in the brightness of the bulb } 
if the source isideal 

(d) Fuse and its action 

It is a metallic conducting wire of 75% Pb and 25% Sn with 
low melting point and higher resistance and is in series with 
an appliance [Fig. 7.7(b)]. 



(b) 

Fig. 7.7 

It is a safety device which protects the appliance from getting 
damaged, by melting and opening the circuit, if the current in 
the circuit exceeds a specific predetermined value, called 
‘current capacity’. 


(e) Long distance power transmission 

When power is transmitted through a power line of resistance 
/?, power-loss will be: 

Power loss = 1 2 R 

Now, let power P 0 is transmitted at voltage V , then P 0 = VI , 


So, 


Jr 

power loss = x R 


V 2 


Now, as for a given power and line, P and R are constant. 


So, 


power loss — 


So, if power is transmitted at high voltage, power loss will be 
small and vice versa, e.g. power loss at 22 kV is 10~ 4 times 
than that at 220 V. This is why long distance power 
transmission is carried out at high voltage. 

(f) The wires supplying current to a bulb are not heated while 
the filament of the bulb becomes hot. It is because resistance 
of the wires is very small in comparison to the resistance of 
bulb. If alone the wires are connected then whole of the 
potential differences will be across the wires and because 
their resistance is very small, a large amount of heat will be 

■ / v 2 

generated from P = —. This happens when wires are short 
R 

circuited. 

(g) The resistance of high electric power instrument will be 
smaller than that of low electric power instrument. Because 

V 2 

for a given voltage: P = —. For example, iron, heater, 

R 

geyser. 

The heating element of these appliances are made of 
nichrome. It is an alloy of Ni and Cr. Its resistivity is higher 
in comparison to platinum, tungsten and copper, etc. Nichr¬ 
ome is used because 


I. it has high resistivity and high melting point, 

ii. it is not oxidized when heated, 

iii. it can be easily drawn into wires. 

Resistivity is kept higher so that smaller length can be used, 

V 2 V 2 Ai 

as H “ — / = —— ■ 

R pi 


(h) Incandescent electric lamp 

It consists of a metal filament generally made of tungsten. It 
is enclosed in a glass bulb with some inert gas and at suitable 
pressure. The filament gets heated, then it becomes white hot 
(known as incandescent stage) and starts emitting white light. 
The filament should have high melting point. 



brings 1 t of water 
efficiency. 


An electric kettle taking 3 A at 210 V 
from 20° C to 80° C in 10 min. Find its 


Sol. 


V 


= — x 100 = 
IP 


IQ 3 X 4.2x60 
210 X 3 X 600 


X 100 =66.67% 


A line having a total resistance of 0.2 W 
delivers 10 kW at 220 V to a small factory. Calculate the 
efficiency of transmission. 


Sol. / = 


10000 

220 


-A. Loss = l 2 r - 

1 1 



x 0.2 = 413.22. 


Efficiency: 


10000 


10000 + 413.22 


x 100 =96% 
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- Concept Application 1 Exercise 7.1 - 

1. a. When is the rate at which energy being delivered to a 
light bulb higher: just after it is turned on, and the glow 
of the filament is increasing, or after it has been on for 
a few seconds and the glow is steady? 
h If a piece of wire were used to connect points b and c in 
Fig. 7.8, does the brightness of bulb increase, decrease 
or stay constant? Whal happens to the brightness of 
bulb 

h = h = l 

a R ' b * 2 c 

•—ww—♦—VWV—" 

't l' 


Fig. 7.8 

c. Compare the brightness of four identical light bulbs in 
Fig. 7.9. What happens if bulb A fails, so that it cannot 
conduct? What if C fails? What if D fails? 


A B 



Fig. 7.9 

d If electric power is transmitted over long distances, the 
resistance of the wires becomes significant. Why? 
Which mode of transmission would result in less 
energy loss-high current and low voltage or low 
current and high voltage? Discuss, 
e. In Fig. 7.10, describe what happens to the light bulb 
after the switch is closed. Assume the capacitor has a 
large capacitance and is initially uncharged and assume 
that the light illuminates when connected directly 
across the battery terminals. 



£ A student claims that a second light bulb in series is 
less bright than the first, because the first bulb uses up 
some of the current. How would you respond to this 
statement? 


g. If you were to design an electric heater using Nichrome 
wire as the heating element, what parameters of the 
wire could you vary to meet ^specific power output, 
such as 1000 W? / 

2. A heater joined in series with/a 50 W bulb is connected to 

the mains. If the 50 W bulb Is replaced by a 100 W bulb, 
then will the heater now give more heat, less heat or same 
heat ? Why? / 

3. Each of the three resistors^n Fig. 7.11 has a resistance of 2 Q 
and can dissipate a maximum of 18 W without becoming 
excessively heated. / 


/ 


-WA— 1 


AAMr 


ri/n 


Fig. 7.11 


Find the maximum power the circuit can dissipate. 

4. An electric bulb rated 220 V and 60 W is connected in 
series with another electric bulb rated 220 V and 40 W. 
The combination is connected across 220 V source of 
e.m.f. Which bulb will glow more? 

5. We have a 30 W, 6 V bulb which we want to glow by a 
supply of 120 V. What will have to be done for it? 

6. a. Two heater coils made of the same material are 

connected in parallel across the mains, the length and 
the diameter of one coil is double that of the other. 
Which of them will produce more heat? 

U Three equal resistances connected in series across a 
source of c.m.f. together dissipate P watt of power. 
What would be the power dissipated if the same 
resistors are connected in parallel across the same 
source of c.m.f.? 

7. A series circuit consists of three identical lamps connected 
to a battery as shown in Fig. 7.12. 



Fig. 7.12 

When the switch S is closed, what happens 

a. to the intensities, of lamp A and/? 

b. to the intensity of lamp C 

c. to the current in the circuit and 

d. to the voltage drop across the three lamps? Does the 
power dissipated in the circuit increase, decrease or 
remain the same? 

8. Two wires of the same material and having the same 
uniform area of cross section arc connected in an electric 
circuit. The masses of the wires arc m and 2m, respectively. 
When a current / flows through both of them connected in 
series, then find the ratio of heat produced in them in a 
given time. 
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9. Water boils in an electric kettle in 15 min after being 
switched on. Using the same main supply should the length 
of the heating element be increased or decreased if the 
water is to be boiled in 10 min? Why? 

10. An electric motor operating on a 50 V d.c. supply draws a 
current of 12 A. If the efficiency of the motor is 30%, 
estimate the resistance of the windings of the motor. 

11. A fuse with a circular cross-sectional radius of 0.15 mm 
blows at 15 A. What should be the radius of cross section 
of a fuse made of the same material which blows at 30 A. 

12. A motor operating on 120 V draws a current of 2 A. If the 
heat is developed in the motor at the rate of 9 cal s -1 , what 
is its efficiency? 

13. The walls of a closed cubical box of edge 40 cm are made of 
a material of thickness 1 mm and thermal conductivity 
4 x 10" 4 caisson" 1 °C~\ The interior of the box is 
maintained at 100°C above the outside temperature by a 
heater placed inside the box and connected across 400 V 
d.c. Calculate the resistance of the heater. 

14. Two tungsten lamps with resistances R { and R lt respectively, 
are connected first in parallel and then in series in a lighting 
circuit of negligible internal resistance. Given that R { > R 2 . 
a Which lamp will glow more brightly when they are 

connected in parallel? 

h If the lamp of resistance R * now burns out, how will the 
net illumination produced change? 
c. Which lamp will glow more brightly when they are 
connected in series? 

d If the Lamp of resistance R 2 now burns out and the lamp 
R^ alone is plugged in, will the net illumination increase 
or decrease? 

15. n identical bulbs are connected in series and illuminated by 
a power supply. One of the bulbs gets fused. The fused 
bulb is removed and the remaining bulbs are again 
illuminated by the same power supply. Find fractional 
change in the illumination of a. all the bulbs, b. one bulb. 

16. An electric motor is designed to work at 100 V and draws a 
current of 6 A. The output power supplied by the motor is 
150 W and remaining goes to heat. What is the resistance 
of the windings of the motor and its percentage efficiency? 

17. A house is fitted with certain numbers of 100 W, 230 V 
incandescent lamps. The power to the house is fed by a 
generator producing the power at 240 V. The resistance of 
the wires from generator to the house is 2 W. Find the 
maximum number of lamps that can be illuminated so that 
voltage across none of the lamps drops below 230 V. 

18. A house is fitted with 7 tubelights of rating 220 V-40 W 
each, 2 bulbs of rating 220 V-60 W each, 5 fans each 
drawing a current of 0.4 A at 220 V and a heater of resistance 
48 A W. The main line power supplied to the house is at 220 
V. Calculate the bill for the month of January if tubelights 
and bulbs are used for 6 h daily, fans for 1 h daily and heater 
forlO h daily. The electricity is to cost Rs. 2 per unit. 

19. Two bulbs are marked 200 V, 300 W and 200 V, 600 W. The 
bulbs are connected in series and £h'» combination is 
connected to a 200 V supply. 


a. Which bulb will produce more illumination? 
h Find the total power consumed by both the bulbs. 

£. Find the total power consumed if both the bulbs were 
connected in parallel. 

20. A voltage stablizer restricts the voltage output to 220 V 
1 %. If the electric bulb rated at 220 V, 100 W is connected to 
it, what will be the minimum and maximum power consumed 
by it? 

21. The efficiency of a cell when connected to a resistance R is 
60%. W will be its efficiency if the external resistance is 
increased to six times. 

22. A 25 W and a 100 W bulb are joined in series and connected 
to the mains. Which bulb will glow brighter? 

(irr-JEE, 1979)1 


Solved Examples 


■nim A series battery of 6 cells each of e.m.f. 2 V and 
interna] resistance 0.5 ft is charged by a 100 V d.c. supply. What 
resistance should be used in the charging circuit in order to 
limit the charging current to 8 A. Using this relation, obtain (a) 
the power supplied by the d.c. source, (b) the power dissipated as 
heat and (c) the chemical energy stored in the battery in 15 min. 

Sol. Given; Number of cells n = 6; e.m.f. of each cell, E = 2V; internal 
resistance of each cell, r = 0.5 W; charging voltage 
V = 100 V. Let R be the resistance used in the series of the circuit 
while charging the cells. Then current in the circuit will be 

V -nE 

i = -— 

nr + R 


n V ~nE 100-6x2 r r 

or R- - nr- -6 x0,5 


= ll-3 = 8ft 

a. Power supplied by d.c. source = V f x/=100x8 = 800 W 
hi Power dissipated as heat = i 2 (R + nr) = 8 2 (8 + 6 x 0.5) 

= 704 W 

c. Rate at which the chemical energy is stored = 800 - 704 

= 96 W 

Chemical energy stored in 15 min = 96x 15x60 = 86400 J 




Determine the current through the battery of 
internal resistance 0.5 ft for the circuit shown in Fig. 7.13. How 
much power is dissipated in 6 ft resistance? 



I Q 
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<? 


Siil. Resistance of arm BCDE = 7+1 + 10=180. Here 18 and 6 SI 
arc in parallel. Their effective resistance is 


^8x 6 _ I8x 6 
/?p “ 18 + 6 ”^4 


= 4.5 Q 


Total resistanceof the circuit = 2 + 4.5 + 8 + 0.5 = 15 Q 

15 

/. Current through the circuit, I - — = 1 A 

^ ■> v . id ^ 

Potential difference across 5 and E = / x R P = 1 x 4.5 = 4.5 V 
Power dissipated as heat due to resistance 6 O is 
\2 

= 3375 W 


(4.5) 2 



Two uniform wires of same material each 


weighting 1 g but one having double the length of the other 
are connected in series, carrying a current of 10 A. The length 
of the longer wire is 20 cm. Calculate the rate of consumption 
of energy in each of the two wires. Which wire gets hotter? 
Density of the material of wire = 11 gem" 3 , specific resistance 
of the material is 20 x 10 _s £1 cm. 


Sol. Let A| and a 2 be the area of cross-section of shorter and 
longer wires, respectively. 


As mass = volume x density.= alp 

. 1 = a l X 10 x 11 = a 2 x 20 X 11 


or 


0 \ = 


-cm and cu — 

10 xll 2 20x11 


1 2 
— cm 


/?, = 20 X ICT 5 
= 20 x 10“ 5 
R 2 = 20 x 10 -5 


10 

X 1/(10x11) 

x 10 x 10 x 11 =22x 10" J I2 


20 


1/(20x11) 


~ = 88 x I0' 2 & 


And rate of heat produced 

H { = I 2 R\ = (10) 2 X 22 X 1(T 2 = 22 W 
and h 2 = 1 2 R 2 = ( 10) 2 x 88 x 10“ 2 = 88 W 
Thus the wire of longer length gets hotter. 


A series battery of 6 lead accumulators each of 
e.m.f. 2.2 V and internal resistance 0.05 SI is charged by a 100 V 
d.ci supply. What series resistance should be used in charging 
circuit in order to limit the current to 7.8 A? Using the required 
resistor, obtain 

(a) the power supplied by the d.c. source, 

(b) the chemical energy stored in the battery in 15 min. 

Sol. Total resistance = R + nr - R + 6x0. 5 = R + 3 

Total e.rrnf. of the battery = 6x2.2 x 13.2 V 

Effective potential d i fference in the circuit = 100 - 133 = 86.8 V 

effective pot. diff. 

Now, current =-—-f- 

total resistance 


86.8 

=> 7.8= —— ortf = 8.l3£} 

R + 3 

a. Power supplied by dx. source 

= VI = 100 X 7.8 = 780 W = l\R + nr) 
= (7,8) 2 (8.13+ 3) =677.15 W. 
h. Chemical energy stored in the battery in 15 min 
= (780 -677.15) x 15 x 60 = 92565 J 


IlMffl 1" a house having 220 V line, the following 
appliances are operating: 

(i) 60 W bulb, (ii) a 1000 W heater and (iii) a 40 W radio. 
Calculate (a) the current drawn by heater and (b) the current 
passing through fuse for this line. 

Sol. Here, V= 220 V; P { = 60 W; P 2 = 1000 W; P^ =40 W. 


ft 1000 50 

a Current drawn by heater = — --= — A 

V 220 11 

R 60 3 

h Current drawn bv bulb = — =-= — A 

V 220 11 

ft 40 2 

Current drawn by radio = — =-= — A 

J V 220 11 

Current passing through fuse for the line 


50 3 

— + — 



A heater is designed to operate with a power of 


1000 W in a 100 V line. It is connected, in combination with a 


resistance /?, to a 100 V mains as shown in Fig. 7.14. What 
should be the value of R as such that heater may operate with 
a power of 62.5 W? 


-AVW"-- 1 Heater | — 

ion 

100 V -VWV-- 

R 


Fig. 7.14 


Sol. The resistance of the heater is 


(TTT-JEE,1978) 



100x100 

1000 


= 10 SI 


y ^-HVWV ^ t | Heater | -r— 


100 V 

Fig. 7.15 

The power on which it operates is 62.5 W. 
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V= JR x P' = ^10 x 62.5 = n/ 625 =25 V 
=> The potential drop across AB = 75 V 

V 75 

The current in AB -1 = — = — = 7.5 A 
/? 10 

Thi§ current divides into two parts* Let /, be the current that 
passes through the heater. Therefore 

25 = /, x 10 => /, = 2.5 A 
=> current through R is 5 A 
Applying Ohm’s law across /?, we get: 

2 5 = 5xrt => rt=5£2 


(i) Find the time taken by a filament of 200 W 
to heat 500 ml of water from 25°C to75°C. Specific heat of water 
= 1 calg" 1 °C~ l . Take 1 cal = 4.2 J. 


—V\M— 

—A/WV— R.2 ~~ 6 n 

R, = 4Q 1 —-VM—J 

1 R} = 3 Cl 

12 V 


Fig. 7.16 

(ii) Find the power produced by each resistor shown in Fig. 
7.16. If jRj is dipped in 1000 m) of water at 30°C, find the time 
taken by it to boii the water. 


Sol. 

(i) 200 / = 0.5x4200x50 => r = 525s 


(ii) = 6 £2, 1 1 = — = 2 A in 4 £2, J 2 = - A in 6 £2, / 3 = - A 


<*1 
in 3 £2 


= /?/?, =2 2 x4= 16 W,/> 2 = 


x 6 = - W, 


*» = 



Now, /y= 1x4200x70 
/ ' 


4200x70 low 

—--= 18375 s 

16 


A heating Coil of 2000 W is immersed in an 


electric circuit. How much time will it take in raising the 
temperature ofl l of water from 4°C to 100°C? Only 80% of the 
thermal energy produced is used in raising the temperature of 
water. 


Sol. Here, P = 2000 W, t = ? (in seconds) 

Volume of water =11=1000 cm 3 

Mass of wafer, m = volume x density = 1000 x 1 = 1000 g 
Rise in temperature = 6^ - 6 { = 100 - 4 = 96°C 
We know specific heat of water, c = 1 cal g" 1 °C“ 1 
Heat taken by water 

= me ($ 2 - 0\) = 1000 x 1 x 96 = 96000 cal 
Energy spent in heating coil - Ft = 2000 X t 
Useful energy produced = 80% = 2000 x / x 80/100 J 


2000 x / x 80 

Useful heat produced = — [qq x 42 — Ca 


As this heat is taken by water, hence 


2000 x t x 80 
100x4.2 


=96000 


96000 x 100 x 4.2 ^ 

or /= -= 252s 

2000 x 80 


■ssa Consider the following circuit (Fig. 7.17) 
where some resistances have been arranged in a definite order. 


With the given condition that heat produced by 6 £2 resistance is 
60 cal s _1 due to the current flowing through it, find out the heat 
produced across 2 £2 resistance in calorie per second. 



Sol. Same current flows through resistances connected in scries. 


p- ft 

Heat produced in 6 £2 resistance = —j— 


60 = 


/ 2 x6 

4.2 


=> I 1 = 42 


/= -J42 A 


Now the voltage drop across x and y 

= (6+ 12)V42 = 20>/42 V 

As Ibis potential drop is same in every area of a parallel circuit, 
so the potential drop across upper part of the circuit is same. 
Current through 2 and 4 £2 resistances 

20T42 _ 10V42 

6 ~ 3 

Hence the heat produced across the 4 £2 resistance 

_ ] 2 R _ 100 x 42 x 4 _ 4000 
J 9x42 9 


Consider a Wheatstone’s bridge PQRS as 
shown in Fig. 7.18 where current / is in the circuit of four 
resistances 10, 20, 30 and 40 £2. Find the ratio of the heat 
generated in the four arms PQ , QR> PS and SR. 



Fig. 7.18 
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Sol. Given; R\ = \0 R z -20 Q t Ry~20 Q and R* = 40Q. 


Now, 


A = — ^ J- and -1 
R 7 " 20 " 2 ^ R 4 ~ 40 " 2 


A = A 

r 2 r 4 


Hence Wheatstone’s bridge is balanced. Now as the bridge is 
balanced hence no current will flow through arm QS. 

Let 7| and l 7 be the currents flowing in arms PQ and PS> 
respectively. 

Then potential difference across P and Q = potential difference 
across P and 5 


=> /jx: 10 = / 2 x20 =? 4=^4 
/. Heat produced in arm PQ is 

tf, = l]x 10=40/2-1 . 

Also heat produced in arm QR is 
H 2 = 20- 80 i\ J 

Similarly, heat produced in arm PS is 
H 2 = /\ x 20 = 20 l\ J 
And heat produced in arm SR is 
H a = 1\x4Q = AQI\ J 

.-. //, :W 2 :W 3 :// 4 = 40/l: 80/1:20/|: 40/1 = 2:4: 1:2, 
which is the required ratio. 


■.B—Mf A person with body resistance between his 
hands of 10 kO accidentally grasps the terminals of a 18 kV 
power supply, (a) If the internal resistance of the power 
supply is 2000 £2, what is the current through the person’s 
body? (b) What is the power dissipated in his body? (c) If the 
power supply is to be made safe by increasing its internal 
resistance, what should the internal resistance be for the 
maximum current in the above situation to be 1.00 mA or 
Je$$? 

Sol. Given: lOkfl, V= 18 kV ■ ■ 

a. Tb find out current flowing through the body, we need to sum 
up the resistances present in the circuit and divide the voltage 
by it. 

_V _ 18 X 10 3 _ 18 x 10 3 

R + r ~ lOxlO 3 + 2xl0 3 ” 12x 10 3 


A circuit contains a 48 V battery and a single 
bulb whose resistance Is 240 Q. A second identical bulb can be 
connected either in scries or parallel with the first one. 
Determine the power in a single bulb when the circuit 
contains (a) only one bulb, (b) two bulbs iu series and (c) two 
bulbs in parallel. Assume that the battery is ideal without any 
internal resistance. 


Sol. Power consumed by a light bulb is related to its resistance 
R and the voltage across it by 



R 


a. When only the bulb is connected in the circuit, the power it 
consumes is 



h The more the power dissipated in a light bulb, the brighter 
it is. When identical bulbs are wired in series, each bulb 
receives one half the battery voltage V. The power consumed 
by each bulb is 

(I/2V) 3 _ 1 V 2 
R ~ A R 

The power dissipated in each bulb is xluced to only one- 
fourth the power dissipated in a single bulb circuit. Thus the 
brightness of each bulb decreases. 

Also the equivalent resistance of two bulbs is R ct[ = R + R, 
The current in the circuit is given by 7 = V/A cq . 

The power consumed by one of the light bulbs can be 
expressed as 


P= l R - 


\ 2 




R-— = 

AR 4(240) 


(48) 2 


= 2.4 W 


c. When the bulbs are connected in parallel, each one receives 
full battery voltage V. Thus the power consumed by each bulb 
remains the same as it only one bulb is present in the circuit, 
so the brightness does not change. 


P= ~R = 


(48) 2 

240 


= 9.6 W 


= - = 1.5 A 
2 

lx We know power dissipated 

= l/,=/ 2 /? = ([.5) 2 ( 10000) = 2.25x10000 
= 22500 =22.5 kW 

c. To Find the internal resistance for the safe limit of power, we 
can use the formula as in part (a). The only difference is here 
/ is given and r is to be calculated. 


„ V 18 x I0 J 

R + r= - = . — 

I 1 x 10 -3 


R + rs 18x 10 6 


r= 18x 10 6 — I0X 10 3 = (18 Mfl-lOkft) 
= 18 MQ 


An electric kettle has two coils of same power. 
When one coil is switched on, it takes 15 min to boil water and 
when the second coil is switched on it takes 30 min. How long 
will it take to boil water when both the coils are used in (a) series, 
(b) parallel ? 

Sol. Heat produced in resistance R in time / is 


H= Pt 


yL 

R 


t 


V 2 

H 2 = —(15x60) 


For coil 1, 


(i) 
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And for coil 2, H 2 = —(30x60) 

R i 

But according to the given problem 

//, = //,, i.e., — = — or /?, = 2R, 
Ri 

a. Both the coils are used in series: 


(ii) 


(iii) 


H,= 


Is =tz~ xts 


(R,+R 2 ) 3R t 
But as here,// 5 = /f| (= M 2 ) 

V 2 V 2 

So, —(15x60)=— l s 
*i . 3 

or t s - (45 x 60) s ^ 45 min 

lx Both the coils are used in parallel: 


H P = 


yL+yI 

R\ Ri 


According to the given problem, H P = //, 


31/ 
2 R. 


[as /J 2 = 2/?|) 


IV 

xr‘r=-^-xtp Cas /? 2 — 2/JJ 


x i P = —x(!5x30) or / P =(10x60)s= lOmin 


|Exaitnpf||,4^ 


What amount of heat will be generated in a 
coil of resistance R due to a total charge q passing through it 
if the current in the coil: 

(a) decreases down to zero uniformly during a time interval f 0 ? 

(b) decreases down to zero halving its value every seconds? 

Sol, 

a. The current decreases uniformly with time, therefore i vs / 
curve is a straight line as shown in Fig. 7.19 with slope m 
= - / [( /r () . Current as function of time can be written as 


/ = - 


'o 


G) 



Fig. 7.19 

Area under the i-t graph gives the How of charge q y 
therefore 


( ! - 2 ('o)('o) 


=> / n = 


2 q 


Substituting in equation (i), we-get 
/ - 


_ 2q 



'2q 2 

" 'll 

x ! () J 

=> / = 

\ r O J 


Heat produced in a time interval t 0 is 


\clH= | i 2 Rdt orH= 




Rdt 


4 q 2 R 
3 


b Here, current decreases from i 0 to zero exponentially with half 
life of / 0 . The / - ; equation in this case is an exponential 
function like the radioactive decay law 



/ = i 0 e where X- - 

'o 


Total charge, q = j i dt = i 0 e Xt dt 



or / 0 = Xq or i = (Xq)e~^ f 

Heat produced in time interval dt is 

dH=i 2 Rdt = X 2 q 2 e~ 2X ‘ Rdt 


or 





q 2 XR ^ q 2 R In (2) 
2 “ 2 1 0 


A variable capacitor is adjusted in position of 
its lowest capacitance C 0 and is connected with a source of 
constant voltage V for a long time. Resistance of connecting 
wires is R< At t = 0, its capacitance starts to increase so that 
a constant current / starts to flow through the circuit. Calculate 
at time t: 

i. power supplied by the source, 

ii. thermal power generated in the connecting wire and 

iii. rate of increase of electrostatic energy stored in capacitor. 

iv. What do you infer from above three results? 

Sol. 

i. Since voltage V of the source is constant and the circuit 
draws constant current / from it, therefore, power supplied by 
the source is P = VI. 

ii. Thermal power generated in connecting wires is H- I 2 R . 

iii. Since initial capacitance of the capacitor was equal to C 0 and 
it was connected with the source for long time, therefore 
initial charge on capacitor was q 0 = C 0 V. 

Since a constant current / starts to flow at / = 0, therefore at 
time /, charge on capacitor becomes q = (C 0 V + It). 

At time t y the circuit will be as shown in Fig. 7.21, Potential 
difference across the capacitor is 

V c =V a -V b = (V-IR) -4 constant 























/. Electrostatic energy in capacitor at this instant is 

u- { ,Vc 


c 



R 

—VWW 

V 

Fig. 7,21 
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Rate of increase of electrostatic energy 


dU 
dt 



^ = ^-(V-IR)l 
dt • 2 


= i (V /y - i 2 R) 

2 

But power acting across the capacitor at this instant is 
P 0 = P-H=(V/-I 7 R) 

while the rate of increase of electrostatic energy in the 
capacitor is half of it. 

iv. In fact, a force of attraction exists between the surfaces of the 
capacitor. When these surfaces move towards each other 
capacitance increases. Hence* remaining part of the power 
acting across the capacitor is used to increase kinetic energy 
of surface (plate) of the capacitor. 


EXERCISES 


Subjective Type 


Solutions on page 7.22 


1. A circuit shown in Fig. 7.22 has resistances R^ = 2D Cl and 
R 2 = 30 Q. At what value of the resistance R x will the 
thermal power generated in it be practically independent 
of small variations of that resistance. The voltage 
between the points A and B is supposed to be constant in 
this case. 


-WvV 


B*r 




Fig. 7.22 

2. A 1 kW heater is meant to operate at 220 V 

2 L What is the resistance? 

h How much power will itconsumeif the line voltage drops 
to 100 V? 

c- How many units of electrical energy wil I it consume in a 
month (of 30 days) if it operates 10 hdaily at the sped fled 
voltage? 

3. Three identical resistors are connected in series. When a 
certain potential difference is applied across the combi¬ 
nation, the total power dissipated is 27 W. What power 
would be dissipated if the three resistors were connected in 
parallel across the same potential difference? 

4. A resistor/?, consumes electrical power P { when connected 

. to an c.m.f. e. When resistor R 2 is connected to the same 

e.m.f.,k consumes electrical power P 2 . In terms of P { and P 2 * 
what is the total electrical power consumed when they are 
both connected to this e.m.f. source 

a. in parallel? h in series? 


5* 200 identical electrical bulbs, each haying resistance 
400 Q, are connected in parallel to a d.c, source of e.m.f. 100 
V and intemal resistanceO.l Cl. What is the power consumed 
by each bulb. Also' find the percentage change is power 
consumed by each bulb if one bulfc turns out. 

6. A 200 W and a 100 W bulb, both meant for operation at 
220 V, are connected to a 220 V supply. What total power will 
be consumed by them if they area, in series, b. in parallel? 

7. In the circuit shown in Fig. 7.23, all the resistors are rated at a 
maximum powerof 1.00 W. What is the maximum e.m.f e that 
the battery can have without burning up any of the resistors? 

25.0 0. 



8, In the circuit shown in Fig. 7.24, 


to.o n 20.0 n 



Fig. 7.24 
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a. What must thee.m.F e of the battery be in order for a 
current of 2.00 A to flow through the 5.00 V battery, as 
shown? Is the polarity of the battery correct as shown? 

b. How long does jt take for 60.0 J of thermal energy to be 
produced in the 10.0 W resistor? 

9. The water in an electric kettle begins to boil in 15 min after 
being switched on. Using the same mains supply, should the 
length of wire used for heating element be increased or 
decreased if the water is to boil in 10 min? Neglect the heat 
loss to the surroundings. 

10. Three equal resistances connected in series across a source 
of e,m.f. together dissipate P watt of power What would be 
the power dissipated, if the same resistors are connected in 
parallel across the same source of e.m.F? 

lli Two electric bulbs of 50 and 100W arc given. Which one of 
the bulb will be brighter when they are connected to the 
mains 

i. : n series ii. in parallel? 

12. If i wO bulbs of 25 and 100 W rated at 220 V are connected in 
series across a 440 V supply, will both the bulbs fuse? If not 
which one? 

13. A standard 50 W electric bulb in series with a room heater is 
connected across the mains. If the 50 W.bulb is replaced by 
a 100 W bulb, will the heater output be larger, smaller or 
remain the same? 



14. Three 60 W, 120 V light bulbs are connected across a 120 V 
power line as shown in Fig. 7.26. Find (a) the voltage across 
each bulb and (b) the total power dissipated in the three 
bulbs. 


Objective 



1. The operating temperature of the fj lament of lamp is 2000°C. 
The temperature coefficient of the material of Filament is 
0.005‘‘C' 1 . If the atmospheric temperature is 0°C, then the 
current in the 100 W-200 V lamp when it is switched on is 
nearest to 

a. 2.5 A b» 3.5 A 

c. 4.5 A d. 5.5 A 

2. In the circuit below (Fig. 7.27), bulb B does not light although 
ammeter A indicates that the current is flowing. Why does 
the bulb not light? 



Fig. 7.27 

a The bulb is fused 

h There is break in the circuit between bulb and ammeter 

c. The variable resistor has too large resistance 

d. There is a break in the circuit between the bulb and the 
variable resistance 

3. Three bulbs B u B 2 and B 3 are connected to the mains as 
shown in Fig. 7.28. How will the brightness of bulb £| be 
affected if B 2 or B 3 are disconnected from the circuit? 


B x 



Fig. 7.28 

a.. Bulb B ] becomes brighter 
h Bulb5| becomesdimmer 

c. No change occurs in the brightness 

d. Bulb B | becomes brighter if bulb B 2 is disconnected and 
dimmer if bulb B z is disconnected 

4. Three identical cells, each having an e.m.f. of 1.5 V and a 
constant internal resistance of 2.0 Q, are connected in series 
with a4.0 Q resistor R , first as in circuit (i), and secondly as 
in circuit (ii). 


—'HHI—| 


—iHh|-1 

R 


R 

-vwv— 


—vwv- 


Circuii(i) Circuit (il) 

Fig. 7:29 


What is the ratio 


Power in R circuit (i) 
Power in R in circuit (ii) 


a. 9.0 b. 7.2 c. 1.8 d. 3.0 

5. All bulbs in Fig. 7.30 are indentical. Which bulb lights more 
brightly? 
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6. Which of the two switches S , and S 2 shown in Fig. 7.31 will 
produce short-circuiting? 



Fig. 731 


a. h S 2 

c. Both S ] and S 2 d Neither S, nor S 2 

7. Three similar light bulbs are connected to a constant voltage 

d. c. supply as shown in Fig. 7.32. Each bulb operates at 
normal brightness and the ammeter (of negligible resistance) 
registers a steady current. 


-<d> 



O o ® 


Fig. 7,32 

The filament of one of the bulbs breaks. What happens to 
the ammeter reading and to the brightness of the remaining 
bulbs? 

Ammeter reading Bulb brightness 

a. increases increases 

b. increases unchanged 

c. unchanged unchanged 

d. decreases unchanged 

8* The circuit shown in Fig. 7.33, contains a battery, a rheostat 
and two identical lamps. What will happen to the brightness 
of the lamps if the resistance of the rheostat is increased? 



Lamp P 

Lamp Q 

a. Less bright 

Brighter 

b. Less brighter 

Less brighter 

c. Brighter 

Less brighter 

d. No change 

Brighter 

9. A cell of internal 

resistances r is concocted to 


resistance R . Energy is dissipated in the load, but some 
thermal energy is also wasted in the cell. The efficiency of 
such an arrangement is found from the expression 

Energy dissipated in the load 
Energy dissipated in the complete circuit 


Which of the following gives the efficiency in this case? 


a. 


r 

R 



r 


(L 


r 

R-V r 


d. 


R 

/? + r 


10. When an electric heater, is switched on, the current flowing 
through it (/) is plotted against time (t). Taking into account 
the variation of resistance with temperature, which of the 
following best represents the resulting curve? 



Fig. 734 


11. Two identical batteries each of e.m.f. E = 2 V and internal 
resistance r = 1 Cl are available to produce heat in an 
external circuit. What.is the maxifnum rate of production of 
heat that can be obtained in the external circuit? 

a. I W b. 2W c. 4W d. 8W 

12. Two similar head light lamps are connected in parallel to 
' each other. Together, they consume 48 W from a 6 V battery. 

What is the resistance of each filament? 
a. 6 Q. b. 4 

c.3.0n d. 1.5 Q 

13. Two electric bulbs, rated for the same voltage, have powers 
of 200 and 100 W. If their resistances are r t and r v 
respectively, then: 

a. r x - 2r 2 b. r 2 = 2r ( 

c. r 2 = 4/, d. r, = 4r 2 

14. The water in an electric kettle begins to boil in 15 min after 
being switched on. Using the same mains supply, should the 
length of the wire used as the heating element he increased 
or decreased if the water js to boU in 10 min? 

a. decreased b. increased 

c. unchanged d. none of the above 

15. If the current in electric bulb decreases by 0.5% the power 
in the bulb decreased by approximately 

a, 1% b. 2% 

c. 0.5% d. 0.25% 

16. An electric bulb rated for 500 W at 100 V is used in a circuit 
having a 200 V supply. The resistance R that must be put in 
series with the bulb, so that the bulb draws 500 W, is 

a. 18^1 b.'20n 

c. 4oa d. 700 a 

17. A 2 Q and a 2/3 £1 resistors are connected in parallel across a 
3 V battery. The energy given out per minute is 

a. 60 x 2 x 3 J b. 60 x 9/2 x 3 x 3 J 

c. 60 x 1/2 x 3 x 3 J d. 60 x 3 x 3 x 2 J 
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18. A 1°C rise in temperature is observed in a conductor by 
passing a certain current. If the current is doubled, then the 
rise in temperature is approximately 

sl 2.5°C b. 4°C 

c. 2°C d. l°C 

19. Two electric bulbs have tungsten filament of same length. 
If one of them gives 60 W and the other 100 W, then 

a: 100 W bulb has thicker filament 

b. 60 W bulb has thicker filament 

c. both filaments are of same thickness 

d. it is not possible to get different wattages unless the lengths 
are different. 

20. n identical light bulbs, each designed to draw p power from 
a certain voltage supply, are joined in series across that 
supply. The total power which they will draw is 

a. nP b. P 

c Pin dL Phi 1 

21. A resistor /?) dissipates the power P when connected to a 
certain generator. If a resistor^ is put in series with R ]t the 
power dissipated by 

a. decreases 

b. increases 

c. remains the same 

d. any of the above depending upon the relative values of 
R i and R 2 

22. How many calories of heat will be approximately developed 
in a 210 W electnc bulb in 5 min? 

a 15,000 U 1,050 

c. 63,000 d 80,000 

23. Two bulbs of equal wattage one having carbon filament and 
the other having a tungsten filament are connected in series 
to the mains. Now, which of the following is true? 

a. Carbon filament bulb glows more 
h Both bulbs glow equally 
c. Tungsten filament bulb glows more 
d Carbon filament bulb glows less 

24. A constant voltage is applied between the two ends of a 
metallic wire. If both the length and the radius of the wire 
are doubled, the rare of heat developed i- the wire will 

a. be halved h be doubled 

c. remain the same d. be quadrupled 

25. The power rating of an electric motor which draws a current 
of 3.75 A, when operated at 200 V, is nearly 

a. 54 W b* 1 hp 

c. 500 W 4 750 hp 

26. A cable of resistance 10 W carries electric power from a 
generator producing 250 kW at 10,000 V. The current in the 
cable is 

a. 1,000 A U-250A 

c. 100 A d. 25 A 

27. In the previous problem, the power lost in the cable during 
transmission is 

a. 3.15 kW b> 12.5 kW 

c. 6.25 kW d, 25 kW 

28. The heat generated through 4 and 9 £2 resistances 
separately, when a capacitor of 100 |iF capacity charged to 
200 V is discharged one by one, will be 


a. 2 and 8 J, respectively 

b. 8 and 2 J, respectively 

c. 2 and 4 J, respectively 

d. 2 and 2 J, respectively 

29. If the length of the filament of a healer is reduced by 10%, 
the power of the heater will 

a. increase by about 9% b. increase by about 11 % 

c. increase by about J9% d. decrease by about 10% 

30. A 2 W heater used for 1 h every day consumes the following 
electrical energy in 30 days 

a. 60 units b. 120 units 

c. 15 units d. none of the above 

31. T\vo bulbs which consume powers P { and P 2 are connected 
in series. The power consumed by the combination is 

suP,+r 2 b. 7^ 

c. P i P 2 l(P l + p 2 ) . d. 2/>,/y(P, 4- Pi) 

32. Two cells, each of e.mT. E and internal resistance j-, are 
connected in parallel across a resistor /?. The power 
delivered to the resistor is maximum if R is equal to 

a. rf2 b. r 

c. 2 r d. 0 

33. A constant voltage is applied between the two ends of a 
uniform metallic wire- Some heat is developed in it. The 
heat developed is doubled if 

a. both the length and radius of the wire are halved 

b. both the length and radius of the wire are doubled 

c. the radius of the wire is doubled 

d. the length of the wire is doubled 

34. A given resistor cannot carry currents exceeding 20 A, 
without exceeding its-maximum power dissipation ratings. 
By forced air cooling suppose that we increase the rate at 
which heat can be carried by a factor of 2. Now the maximum 
current that the resistor can carry is 

a. 10 A b. 20V2 A 

c. 3(W2 A d. 40 A 

35. If in the circuit, power dissipation is 150 W, then R is 

(A1EEE, 2002) 

R 

1-VWV-* 

—-vwv- 

10. 


Fig. 7J5 

a 2£2 b 6£2 

c. 5 Q d. 4 £2 

36. A wire when connected to 220 V mains supply has power 
dissipation P v Now, the wire is cut into two equal pieces 
which are connected in parallel to the same supply. Power 
dissipation in this case is P. Then P 2 : P { is (AIEEE,2002) 

a 1 h 4 

c. 2 d. 3 

37. A 220 V, 1,000 W bulb is connected across a 110 V main 

supply. The power consumed will be (AIEEE,2003) 
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a. JOOOW h 750W 

c. 500 W d. 250 W 

38. A heater coil is cut into two equal parts and only one pan is 
now used in the heater. The heat generated will now be 

(AIEEE, 2005) 

a. halved b one-fourth 

c. four times d. doubled 

39. Two electric bulbs whose resistances are in the ratio of 1 :2 
are connected in parallel to a constant voltage source. The 
powers dissipated in them have the ratio 

a. 1 :2 b. 1 : l c. 2: 1 d. 1 : 4 

40. If the above two bulbs are connected in series* the powers 
dissipated in them have ihe ratio 

a. 1 ; 2 b. 1 ; l c. 2 ; 1 d. 1 : 4 

41. Three 10 2 W resistors are connected as in Fig. 7.36. The 

maximum possible voltage between points A and Z? without 
exceeding the power dissipation limits of any of the 
resistors is 



--MAA- 

Fig. 7.36 

a 5 n/ 3 V lx y-j5 V 

c. 15 V d - V 

3 

42. A torch bulb rated 4.5 W. 1.5 V is connected as shown in Fig. 
7.37. The c.m.f. of the cell needed to make the bulb glow at 
full intensity is 



r = 2.67 O 


Fig. 7.37 


a 4.5V b 15V c. 2.67V d 13.5V 

43. An electric bulb rated 500 W, 100 V is used in a circuit 
having a 200 V supply. The resistance R that must be put in 
series with the bulb* so that the bulb draws 500 W* is 

a. 18 n b. 20 a c. 40 Q. d. 700 Q 

44. A heater is designed to operate with a power of 1000 W on 
a line 100 V It is connected in combination with resistance 
of 10 and a resistance R to line 100 V. The value of R so 
that heat operates with a power of 625 W is 

Heater 

- ggggB - 

ion 

—VW\r - 

ft 

-\AAA- 

R 

Fig. 7.38 


a50 b ion c. 15n d20n 

45. The main supply voltage to a room is 120 V. The resistance 
of the lead wires is 6 n. A 60 W bulb is already giving light. 
What is the decrease in voltage across the bulb when a 
240 W heater is switched on? 


a. no change b 10V 

c. 20 V d more than 10 V 

46. Fig. 7.39 shows a network of three resistances. When some 
potential difference is applied across the network* thermal 
powers dissipated by A* B and C are in the ratio 


3 R 


pA/VA- c 

*- a s (| —WA—o 

M/aa- 


6R 

Fig. 7.39 


a. 2:3:4 b2:4:3 

c. 4:2:3 d 3:2:4 

47. Three equal resistances are connected as shown in Fig. 7.40. 
The maximum power consumed by each resistor is 18 W. 
Then maximum power consumed by the combination is 

|-A NsN - 

—VAA- 

Fjg. 7.40 

a. 18 W 
c. 36 W 

48. Resision? P, Q and R in the 
circuit have equal resista¬ 
nces. If the battery is 
supplying a total power of 12 
W, what is the power 
dissipated as heat in resistor 
/?? 

a. 2 W 
■c.3W 

49. Three bulbs of 40,60 and 100 Ware connected in series with 
a 240 V source. 

a. The potential difference will be maximum across rhe 
40 W bulb 

b The current will be maximum in the 100 W bulb, 
c. The resistance of the 40 W bulb is maximum, 
d The current through the 60 W bulb will be slightly less 
than 0.1 A. 

50. Three bulbs of 40.60 and 100 W are connected in series with 
a 240 V source. 

a. The potent i al di (Terence wjl 1 be maximum across the 40 W 
bulb. 

h The current will be maximum in 100 W bulb, 
c. The resistance of the 40 W bulb is maximum, 
d The current through the 60 W bulb will be slightly less 
than 0.1 A. 

51. In the circuit shown in Fig. 7.41 the heat produced in the 5 Q. 
resistor due to the current flowing through it is 10 cal s' 1 . 
The heat generated in the 4 Q, resistor is 

60 

-VA-VA- 


50 

AMr 


b 27 W 
d 54 W 

Q 

—VAV— 



h 6 W 
d 8 W 


Fig. 7.41 
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a. 1 cal s -1 lx 2 cals -l 

c. 3 cals -1 d 4 cals -1 

52. A battery of internal resistance 4 Cl is connected to the 
network of resistances as shown in Fig. 7.42. In order that 
the maximum power can be delivered to the network, the 
value of R in Cl should be 


6R 

4 R 

-WW 


Fig. 7,42 

4 8 

a - h 2 c. - d 18 

9 3 

53, Four resistance carrying a current shown in Fig. 7.43 are 
immersed in a box containing ice at 0°C. How much ice must 
be put in the box every 10 min to keep the average quantity 
of ice in the box constant? Latent heat of ice is 80 cal g"*? 




\0Q sn 


10 A 

-VWv- 


-VWv- 


1 -VWv- 

1 

-WA- 


5 q j ion 

Fig. 7.43 

a. 1.190kg ' h 3.20kg 

c. 4.2 kg . ! d. 0.25 kg 

54. The three resistances of equal value are arranged in the 
different combinations shown below. Arrange them in 
increasing order of power dissipation* 


/ 

/ ' 
*—w*-vwv-m— 



0 ) 

vm- 




AWr 


—vvw 



i 


-WW—, 


■AAAAr 

(h) 



(hi) (IV) 

Fi^. 7.44 

a. m<n<IV<I h II<IH<1V<I 

c. I < IV < IH < II d. I < III < II < IV 

55, An ideal gas is filled in a closed rigid and thermally insulated 
container. A coil of 100 Cl resistor carrying current 1 Afor5 
min supplies heat to the gas. The change in internal energy 
of the gas is 

a. 10 kJ b. 30 kJ c. 20 kJ d. OkJ 

56: The resistance in which the maximum heat is produced is 
'given by (Fig* 7*45) 


4CI 



a 2W h 6 W c.4W d 12W 

57. The resistance of hot tungsten filament is about 10 times the 
cold resistance. What will be the resistance of 100 W and 
200 V lamp when not in use? 

a. 14000 W b. 400 W c.40W d.4W. 

58. The resistance of the filament of a lamp increases with the 
increase in temperature* A lamp rated 100 W and 200 V is 
connected across 220 V power supply. If the voltage drops 
by 10%, then the power of the lamp will be 

a. 90 W b. 81 W 

c. between 90 and 100 W d. between 81 and 90 W 

59. A wire of length L and three identical cells of negligible 
internal resistance are connected in series. Due to the 
current, the temperature of the wire is raised by A Tin time /. 
A number W of similar cells is now connected in series with 
a wire of same material and cross-section but of length 2 L, 
The temperature of the wire is raised by the same amount 
AT in the same time. The value of N is 

. a. 4 b. 6 c. 8 d. 9 

60. Au.electric immersion heater of 1.08 kW is Immersed in 
water* After it has reached a temperature of 100°C, how 
much time will be required to produce 100 g of steam? 

a. 50 s h420$ c. 105 s d210s 

61. Two electric bulbs A and B are rated 60 and 100 W, 
respectively* If they are connected in parallel to the same 
source, then 

a. both the bulbs draw the same current 

b. bulb A draws more current than bulb B 

c. bulb B draws more current than bulb A 

d. currents drawn in the bulbs are in the ratio of their resistances 

62. If two bulbs of wattages 25 and 100 W, respectively, each 
' rated by 220 V are connected in series with the supply of 
■ 440 V. Which bulb will fuse? 

a. 100 W bulb b. 25 W bulb 

c. none of them d. both of them 

63. A 25 W-220 V bulb and a 100 W-220 V bulb are connected 
in series across a 220 V line; which electric bulb will glow 
more brightly? 

a. 25 W bulb b. 100 W bulb 

c. both will have equal incandescence 

d. neither will give light 

64. Two identical heaters rated 220 V-1000 W are placed in series 

with each other across 220 V line; then the combined power is 
a. *000 W b. 2000 W 

c. 500 W d. 4000 W 

65. A heater boi(s 1 kg of water in time t { and another heater 
boils the same \yater in time t 2 . If both are connected in 
series, the combination will boil the same water in time: 
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a. h 

'i+'a t\^h 

c* t\ -h & 2(f, + r,) 

66 . Fig. 7.46 shows three similar lamps L x , L 2 and connected 
across a power supply. If the lamp L 3 fuses, ho t w will the 
light emitted by L x and L 2 change? 



©= 

h 



Fig. 7.46 


a. no change 

b. brilliance of decreases and that of Lq increases 

c. brilliance of both L, and increases 

d. brilliance of both L x and L 2 decreases 

67. If a wire of resistance 20 Q is covered with ice and a voltage 
of 210 V is applied across the wire, then the rate of melting 
of ice is 

a. 8.85 gs" 1 b. 1.92 gs"' 

c. 6.56 gs' 1 d, none of these 

68. A factory is served by a 220 V supply line. In a circuit 
protected by a fuse marked 10 A, the maximum number of 
100 W lamps in parallel that can be turned on is 

a* 11 b. 22 

c» 33 d. 66 

69. It takes 16 min to boil some water in an electric kettle. Due 
to some defect it becomes necessary to remove 10% turns of 
the heating coil of the kettle. After repairs, how much time 
will it take to boil the same mass of water? 

a. 17.7 min b. 14.4 min 

c. 20.9 min d. 13.7 min 

70. An electric kettle (rated accurately, at 2.5 kW)is used 
to heat 3 kg of water from 15°C to boiling point. It takes 
9.5 min. Then the amount of heat that has been lost is 

a. 3.5 x 10 5 J b. 7 x 10 8 J 

c. 3.5 x 10 4 J d. 7 x 10* J 

71. How many 60 W lamps may be safely run on a 230 V circuit 
fitted with a 5 A fuse? 

a. 2 b. 19 

c, 20 d. 4 

72. A condenser of capacity 5 p,F is connected to a constant 
source of e.m.f. 200 V as shown in Fig. 7.47, What will be ihe 
amount of heat produced in R } when the key is thrown from 
contact 1 to 21 



3300 


a. 0.6 J h 0.06 J 

c. 6 J d. 20 J 

73. Two electric bulbs rated P { watt 

are connected in parallel and V volt are applied to it. The 
total power will be 


V volt and P 2 \vM-Vvo\t 


a. 


Pi h 


watt 


b. 


wan 


c> (T 5 , + P^) watt 


d. 


a ±3 

p t p 2 


watt 


74. If a given volume of water in a 220 V heater is boiled in 
5 min, then how much time will it take for the same volume 
of water in a 110 V heater to be boiled? 

a. 20 min b* 30 min 

c. 25 min d, 40 mi a 

75. The charge flowing through a resistance R varies with time t 
a s Q= at- bt 2 . The total heat produced in R is 


a. 


a? R 
6b 

a*R 

2b 


b. 


a*R 
3 b 


< a. 


a 3 R 


Multiple Correct 
Answers Type 


Solutions on page 7.31 


1. Two electric bulbs rated 25 W, 220 V and 100 W, 220 V are 

connected in series across a 220 V voltage source. The 25 
and 100 W bulbs now draw P j and /^powers, respectively, 
a- P { = 16 W b, / > 1 =4W 

c. P 2 = 16 W d. P 2 = 4 W 

2. TWo heaters designed for the same voltage V have different 
power ratings. When connected individually across a'soufee 
of voltage V, they prodiice H amount of heat each in times 
and t 2 y respectively. When used together across the same 
source, they produce H amount of heat in time /. 

a. If they are in series, t = /, + / 2 

b. If they are in series, t - 2{t j + ; 2 ) 


c. If they are in parallel, t = 


hh 


(h + 


d. If they are in parallel, / = , 1 

2<*i+/ 2 ) 

3. A voltmeter and an ammeter are connected in series to an 
ideal cell of e.m.f. E . The voltmeter reading is V and the 
ammeter reading is 7. Then 

i. V<E 

ii. the voltmeter resistance is V/I 

iii. the potential difference across the ammeter is E- V ' 

iv. voltmeter resistance plus ammeter resistance = Ell 
Correct statements are 

a. i and ii h hand iii 

c. iii and iv d all - *■ . 


Fig. 7.47 
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4. In the circuit shown in Fig. 7.48. 


A 



a. power supplied by the battery is 200 W 
h current flowing in the circuit is 5 A 
c. potential difference across the 4 Cl resistance is equal to 
the potential difference across the 6 Cl resistance 
d current in wireA£ is zero. 

5. Two bulbs consume same energy when operated at 200 and 
300 V, respectively. When these bulbs are connected in series 
across a d.c. source of 500 V, then 
a ratio of potential difference across them is 3/2 
h ratio of potential difference across them is 4/9 
c ratio of potential difference across them is 4/9 
d ratio of potential difference across them is 2/3 


Assertion-Reasoning 

Type 


Solutions on page 7JJ 


In the following questions, each question contains STATEMENT I 
(Assertion) and STATEMENT II (Reason). Each question has 
four choices a., b., c. and d. out of which ONLY ONE is correct, 
a. Statement I is True, Statement If is True; Statement II is a 
correct explanation forStatemeht I. 
lx Statement 1 is True, Statement II is True; Statement II is NOT 
a correct explanation for Statement I. 
c. Statement 1 is True, Statement II is False, 
d Statement 1 is False, Statement II is True. 

1 . Statement I: The wires supplying current to an elcctnc 
heater are not heated appreciably. 

Statement II; Resistance of connecting wires is very small 
and //<*/?. 

2. Statement I: A 60 W bulb has greater resistance than a 100 W 
bulb. 


V 1 2 

Statement II: P = —. 

R 

3. Statement I: If the current of a lamp decreases by 20%, the 
percentage decrease in the illumination of the lamp is 40%. 
Statement If: Illumination of the lamp is directly proportional 
to the square of the current through the lamp. 

4. Statement I: Heater wire must have high resistance than 
connecting wires and high metallic point. 

Statement II: If resistance is high, (he electrical conductivity 
will be less. 

5. Statement I: However long a fuse wire may be, the safe 
current that can be allowed is the same. 

Statement II: The safe current that can be allowed to pass 
through the fuse wire depends on the radius of the wire. 


6 . Statement I: In the circuit of Fig. 7.49, both cells are ideal 
and of fixed e.m.f., the resistor Rj has fixed resistance and 
the resistance of resistor R 1 can be varied (but R 2 is always 
non-zero). Then the electric power delivered to resistor of 
the resistance /? | is independent of the value of resistance R 2 . 





Fig. 7.49 


Statement II: If potential difference across a fixed resistance 
is unchanged, the power delivered to the resistor remains 
constant. 

7. Statement I; Two bulbs of 25 and 100 W rated at 200 V are 
connected in series across a 200 V supply. Ratio of powers 
of both the bulbs in series is 2 : 1. 

Statement II: In series connection, current in both bulbs is 
same, therefore power depends on the resistance of the bulb. 

8 . Statement It Since all the current coming to our house 
returns to power house (as current travels in a closed loop), 
so there is no need to pay the electricity bill. 

Statement II: The electricity bill is paid for the power used, 
not for the current used. 

9. Statement I: When current through a bulb is increased by 
2%, power increases by 4%. 

Statement II: Current passing through the bulb is 
1 

QC - < 

resistance 

10. Statement I: Internal resistance of battery is drawn parallel 
to battery in electrical circuit. 

Statement II: Heat generated in battery is due to internal 
resistance. 


Comprehension 

Type 


Solutions on page 7.32 


For Problems 1-2 

In Fig. 7.50 circuit section AB absorbs energy at a rate of 50 W 
when a current i = 1.0 A passes through it in the indicated 
direction. 



Fig. 7,50 

1, What is the potential difference between A and 

sl 10V tx 50V 

c 20V d 30V 

2. e.m.f. deviceA'does not have internal resistance. What is its 
e.m.f.7 

a 24V h 32V 

c, 48 V d 12V 
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For Problems 3 - 4 

An electric kettle has two heating coils. When one of the coils is 
switched on, the water in the kettle boils in 6 min, and when the 
other is switched on, the water boils in 8 min. in what time will 
the water boils if both the coils are switched on simultaneously: 


■ 3. In series? 


a. 14 min 

b. 24/7 min 

c. 10 min 

d. 10/3 min 

4. in parallel? 


a. 14 min 

b. 24/7 min 

c. 10min 

d 10/3 min 

For Problems 5 -6 



A three-way light bulb has three brightness settings (low, medium, 
high) but only two filaments. The two Filaments are arranged in 
three settings, when connected across a L20 V line and can 
dissipate 60,120 and 180 W. Answer the followings questions: 

5. i, higher resistance filament only working for 60 W 

ii. low resistance filament working for 120 W 

iii. low resistance filament working for 60 W 
Iv. high resistance filament working for 120 W 

v. low and high resistance filaments in parallel for 180 W 

vi. low and high resistance filament in scries for 180 W 

a. i, Li and v are correct 

b. i, ii and vi are correct 

c. iii, iv and v are correct 

d. iii, iv and vi are correct 

6 * When the filament of higher resistance burns out then 
intensity in 

a. all three settings is 120 W 

b. all three settings is 60 W 

c. rwo settings is 60 W 
dl two settings is 120 W 

For Problems 7 - 9 

In Fig. 7.51, each of the segments (e.g., AE y GM y etc.) has 
resistance r. A battery of e.m.fi V is connected between A and C. 
Internal resistance of (he battery is negligible. 



7, What is the equivalent resistance of the system about A 
and C? 

r 3r 

a. r b. - c. — cL 2 r 

2 2 

8. Find the ratio of the power developed in segment AE to that 
in segment HM. 

a 1 h 2 c. 3 d 4 


9. If a potentiometer circuit having potential gradient k is 
connected across the points H and 6\ find the balancing 
length shown by the potentiometer 




d none of these 


For Problems 10 - 12 
Refer to Fig. 7.52. 



Fig, 7.52 

10. At / = 0, the switch is closed. Just after closing the switch, 
find the current through the 5 Cl resistor. 

4 2 6 

a. — A b. — A c» — A d. 2 A 

5 5 5 » 

11. Long time after closing the switch, find the current through 
the 5 Cl resistor. 



12. Now, the switch is opened after closing it for a long time. 
Find the lota) energy dissipated in the system, 
a, 40.8 pJ b. 50.8 pJ 

c. 40 pJ d none of these 

For Problems 13 - 15 

All bulbs consume same power. The resistance of bulb 1 is 36 Cl. 
Answer the following questions 

3 2 

-IH-- 


Fig. 7.53 

13. What is the resistance of bulb 3? 

a.4W b. 9W c. 12 W d. 18 W 

14. What is the resistance of bulb 4? 

a. 4W b,9W c. 12 W d:i8W 

15. What is the voltage output of the battery if the power of 
each bulb is 4 W? 

a. 12 V b. 16 V 

c. 24 V d. none of these 
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Solutions on page 7.34 


Column I and Column II contain four entries each. Entries of 
column I are to be matched with some entries of column II. One 
or more than one entries of column I may have the matching with 
the same entries of column II and one entry of column I may have 
one or more than one matching with entries of column II. 

1. In Fig. 7.54, the resistance/? is variable, r is the internal 
resistance of battery of e.m.f. E. 



■ji—VWv— 

E r 

Fig* 7*54 


Column I 

Columnll 

i. Terminal potential ' 

a R>r 

difference aero the 


cell to be maximum 


ib Power transferred to 

b. R< r 

R is less than the 

| 

maximum possible 


iii. Power dissipated in the 

c. '/? = <*> 

cell is maximum 


iv. Fastest.drift of ions in the 

&*R = 0 

electrolyte in Lhecell will 


be for 



2. Fig. 7.55 shows a charging circuit of a capacitor. At / = 0, 
S is closed. 


C R 

^1-VVW 

—I'— s - 

E S 

Fig* 7.55 


ColumhI 

Column II ' 

i. When the charging rate of 
the capacitor is maximum, 
the current through R is 
ii* When charge on the 
capacitor is maxiinum, .. 
then current through R is 
iii* When power'supplied by 
the battery is maximum, then 
charge on the capacitor is 
iv. Tire difference in the power 
supplied"by battery and 
power consumed in R at 
. t - 6 is 

a. maxiinum ! 

h minimum but not zero, 

c* zero 

. 

d not equal to zero 

< 


3. For the circuit shown in Fig. 7.56, 4 cells are arranged. 

In Column I, the cell number is given while in Column II, 
some statement related to cells are given. Match the entries 
of Column I with the entries of Column II. 


too 

-AAMr 


Ccl) 1 

|t-vw\4- 


2y A .20 


-4| HWWi 


f f 1 ; Cclim 

TvJT'fi. 3 V* 30 “ 

- H l “AMAr 


Cell IV 


2 V,2 0 

Fig. 7.56 


Column I 

Column II 

i. Celll 

U. CeUD 

m. ceum 

a* Chemical energy of 
cell is decreasing 
. h Chemical energy of 
cell is increasing 
c. Work done by'cill 

iv. Cell IV 

r v is + ve 11 

d .Thermal energy 

developed in beLi is +ve 


ANSWERS AND SOLUTIONS 


Subjective Type 


1. The equivalent nesistance.between the points 


RnR 


2 'V 


Rq — R | + 

Power generated by 

R x =llR x . 
From Fig. 7.57, 


/ = 




V 

Ri + R x 


/.= 


^2 A.y 

R 2 + 


^ R 2 + R X/ 
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/ 


p x =i*%= 


VR, 


-a 


R\R 2 + R\R x + R 2 P* 


R* 


dP i 
dR x 


X _ 


= 0*j) 2 [/? j +/?,/? ^ + R 2 R x ) 2 

- 2(R { R 2 + R i R x + R 2 R £ ) (R f + R 2 ) R x 
dP r 


For maximum value, —— - 0 
dR x 

R\R^ ^ R^x = ^ (^| + R 2 )R X 

R,R 2 20x30 

-- = 12Ci 


=^> 7? r = 

/ J?!+J? 2 20 + 30 

2. a. The resistance of an electric appliance is given by 

«-£ 

w 


( 200) 7 

1000 


= 4oa 


hi The ‘actual power* consumed by an electric appliance is 
given by 


P = 


/ \2 
^ xW 
kVJ 


p =f—] x 1000 = 250W 

UooJ 

c. The total electrical energy consumed by an electric 
appliance in a specified time is given by 

,, SI V t h 

E = — '-2- kWh 


1000 
1000 x (10 x 30) 
1000 


= 300 kWh 


3. For three identical resistors in series, 


V" 

P = — 
1 3 R 


If they are now in parallel over the sanie voltage, 


'' = ti = § = ^ =9f ' =9x ' <2,W)=243W - 

P\ = £ 2 /R { , so R ] = € 2 /P y 
P 2 ^ £ 2 IR x , so R 2 = £ 2 /P 2 

a. When the resistors are connected in parallel to the e.m.f., 
the voltage across each resistor and the power dissipated 
by each resistor are the same as if only one resistor were 
connected. 

Aot = P\ + Pi 

b. When,the resistors are connected in series the equivalent 
resistance is 


4. 


^cq “ ^1 + ^2 


Aot “ 


PA 


R t + R 2 £ l /Py +E 2 /P 2 P\+P2 


5. If R is the resistance of each bulb, then equivalent resistance 
of N bulbs in parallel, 

R - * 

N 

/. Current supplied by battery, 

E 




( 5 -) 


This current is equally divided among all the N bulbs, as 
potential drop across each bulb is same. 

So, power consumed by each bulb, 




e 2 r 


r y 

U J 


N 2 


E 2 R 


(Nr + Ry 


(0 


With (N— 1) bulbs, the power consumed by each bulb can 
be obtained by replacing N by (N - 1) in above equation. 


So, 


P' = 


e 2 r 


(ii) 


[(W-l)r+fl] 2 
Now, percentage change in power consumption of each bulb is 


P'-P 


x 100 = 


(rN + Rf 
[r(/t-1) + R] 2 


-1 


n "I 


1 - 


As r « (Nr + R) 


1- 


\-2 


Nr + R 


= I + : 


Nr + R 


2 r 


x 100 


x 100 


i change in power is 
2r 


x 100 = 


Nr + R 


2x0.1x100 


= 0.048% 


Nr + R 200x0.1 + 400 

6. As for an electric appliance 

R= Yt ■ *ioo ,200 
w’ “■ fl 200 100’ 

y} 

i.e, P\oo = 2/?2oo = 2.R with — R and — = 200 W 


R 


a. When both the bulbs are connected in series, as 
R$ = R + 2 R = 3 R, 
y 2 yl | 

P s = - JL = - J - = -x 200 = 66.6 W 
R s 3R 3 
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/ 

b. When both the bulbs are connected in parallel, 

u 2 i/ 2 V 2 T 11 3 

Pp= -*- + -*=-*. 1 + - = — x 200 = 300 W 
/?, R 2 - R L 2j 2 

7. First recognize that if the 40 £2 resistor is safe, all the other 
resistors are also safe. 

1 2 R = P -> 7 2 (40 n) = 1 w 
/= 0.158 A 

Now, use series/parallel reduction to simplify the circuit. 
The upper parallel branch is 638 Cl and the lower one is 
25 Cl. The series sum is now 126 Cl. Ohm’s law gives 
£= (126 £2)(0.158.A) = 19.9 V 

8. a. First, do series/parallel reduction: 

Now, apply Kirchhoff’s laws and solve for e: 


20 Cl 



So, to boil the water in lesser time the resistance and hence 
length of the coil must be decreased to 10/15, i.e., 2/3 of its 
initial value. 

10. The power consumed by a resistance R when connected 
across a sound of e.m.f. V is given by 
P= (V 2 !R) 


Now, if r is the resistance of each resistor, the resistance of 
combination, in series, will be 

R s =r + r+r, i.e., R s = 3r 

and in parallel, 


1111 
——= - + -+ -» 
R P r r r 


i.e., 


R P = 


r 

3 


So, power consumption in series will be 



and in parallell 



[as R s =3r] 

n r 
a s R P =- 
F 3 


p?_ 

Ps 




= 9 


AV^ = 0: - (10 Cl )(2 A) - 5 V - (20 Q)l 2 = 0 
I 2 = 2.25 A 

7 l + / 2 =2A-»/, = 2A-(-2.25A) = 4.25A 
A Vdefr = 0: - (15 £2)(4.25 A) + e- (20 Q)(- 2.22 A) = 0 
£= - 109 V;.polarity should be reversed, 
b. Parallel branch has a 10 W resistance. 

A V par = RI = (10 Cl) (2 A) = 20 V 
Current in upper part; 

_ AV 20V 2 

! ~ r ~ 3on " 3 A 

Pt= U->I 2 Rt = U 

A^ (10 O); = 60 J 
/= 13.5s 

9. If-a resistance R is connected across a source of potential 
difference Joule heat developed in time / is 

V 1 

H - P x t = — x t joule 
R 

So, to produce same heat for same V 

— = const, i.e, R<*t 
R 

L 

or p— <>= t 
A 

or L« r [as p and A are const.] 


„ L 
as R = p— 
A 


And as here, P $ = 10 Cl [given] 

P p =9x (P s ) = 9 x 10 = 90 W 

11. Question is incomplete as the voltage for which the bulbs 
are meant to operate is not given. Assuming that both the 
bulbs have same specified voltage, resistance of a bulb will 
be given by 


R= —> 
W 


i.e., 


R ~ — 
W 


50 


100 


100 

50 


= , i.e., R 5 q = 2R 


moo 


i. When the bulbs are connected in series, current through 
each of them will be same and hence in accordance with 


H=I 2 R, i.e, H<*R 


the 50 W bulb will be more bright (as R so > R 100 ). 

ii. When the bulbs are connected in parallel, voltage across 

each of them will be same and so in accordance with 

V 1 1 

//= —, i.e. Hoc - 
R R 


the 100 W.bulb will be more bright (as/? 100 </? 50 ). 

Note: J ■ 

In series, current through both the bulbs will be same 
but voltage across the 50 W bulb will be more while in 
r . parallel, voltage across both the bulbs will be same but 
current though the 100 W bulb will be more . 

V 2 

12, As for an electric appliance, R = so for same specified 
voltage V s 
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R 2s 100 . 

i.e., R 25 - 4 R with R ^ = r 

Now, in series, potential divides in proportion to resistance* 

So. V. = -^-V, i.e., 1^,5=-x 440 = 352 V 

1 (R,+R 2 ) 25 5 

And V 2 = -^-V, i.e., ^ loo = -x400 = 88 V 

2 (R { +R 2 ) 100 5 

From this, it is clear that voltage across the 100 W bulb 
(= 88 V) is lesser than specified (220 V) while across 25 W 
bulb (= 352 V) is greater than specified (220 V), so 25 W bulb 
will fuse. 

13. If a bulb is put in series with a heater of resistance R y then 
power dissipated by the heater is 

H= V 1 (v - Yb£ 

Rh Rm 

v} 

Now, as for an electric applicance R = — * Assuming V s to 

be same for all given appliance R «(1 IW) and in series, as V B 
°c /?, F b oc(1 /U0, i.e., voltage drop across the 100 W bulb will 
be lesser than across the 50 W bulb. Hence, the heater 
output will increase when the 50 W bulb is replaced by a 100 
W bulb. 


Note: 

The question is incomplete as here it is not mentioned 
that all the appliances are meant to operate at same 
voltage (say 220 V). 

14. a. As bulbs B and C are in parallel voltage across B and C will 
be same, i.e*, V B = Further, if R is the resistance of each 
bulb (as bulbs are identical), the resistance of bulbs B and C 
together (=RI2) is in series with resistance/? of bulb A and as 
in series, potential divides in proportion to resistance, 


_ R 
Va ~ R+0.5R 


2 2 

- y - — x 120 = 80 V 
3 5 3 


0.5 R 1 1 

V ‘~ Vc ° S+05S' V = 3 l ' s = 3 ><,20 = 40V 
[otV u = V c =V-V a = 120-80 = 40 V] 
b. As actual power consumed by a bulb : 


tl 

l^> 

II 

i — 

s?| 

2 

XW 

so 

II 

R 

LKjJ 


w 


So, total power consumption 

P=P A + P B + P c =P A + 2P B =t^±^ = 40V/ 

y 


Objective Type 


, . „ 200x200 ... _ 

1» d. Ryoo — -— 400 O 

200 1(X) 

So, 400= R 0 [[ + 0.005 x 2000] 




400 

il 


~36ft 


tt , 200 CCA 

Hence, current/=-= 5.5 A 

36 


2. c. It is case of weak current. 

10 


3. a. 


1 = 


15 4 „ , 

— H— -(-2+1 

3 2 


A = 


——— A = —A = 1A 
5 + 2 + 3 10 


V L 

4. a. Power P- — 
R 


Since R is common, P^V 2 
Power ratio = 




\V tJ 


5. a. Maximum current flows through bulb 1. 

6. b. When the switch S 2 is closed, the whole of current shall 
flow through the connecting wire only which is supposed to 
have zero resistance. 

7. d. Suppose V is the voltage of the supply and R is the 
resistance of each bulb* 


Now, R„ = — and current in ammeter, / = — = 3 —, 
1 3 R P R 

provided all three bulbs are working properly. 

If one bulb has broken down, then 


R = — and I = 2— 

p 2 R 

Current decreases and since current through each bulb is 
V/R the same as before, brightness of bulbs is not affected* 

8. a. Consider two extreme cases, (i) When the resistance of the 
rheostat is zero, the current through Q is zero since Q is 
short-circuited. The circuit is then essentially a battery in 
series with lamp P. (ii) When the resistance of the rheostat is 
very large, almost no current flows through it. So, the 
currents through P and Q are almost equal. The circuit is 
essentially a battery in series with lamps P and Q. 

9. d. Let current / flows through the circuit* 


\\— A/WV 


R 

M/W 


Fig. 7.59 


Energy dissipated in load = 1 2 R 

Energy dissipated in the complete circuit -f 2 (r + R) 


I 2 R 

The efficiency = —z - 

J I 2 (R+r) 


R 


R + r 


10. b. When we move in the direction of the current in a uniform 
conductor, the potential decreases linearly. When we^pass 
through the cell, from its negative to positive terminal, the 
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potential increases by an amount cquafto its potential 
difference. This is less than its e.m.f, as there is some 
potential drop across its Internal resistance when the cell is 
driving curreni. 

11. b. Power output is maximum when external resistance is 2fl 

4V 

Current in the circuit = ^-^ = 1A and power in the external 

circuit = (l) 2 x 2 = 2 W. 

12. d. Power consumed by each lamp = 24 W. 

Hence using 

R = (V 2 /P) we find 

J?= (36/24)= 1.5 £2 


13. bk 

„ V 2 P. R, 

P= R’ TTv r > m2r ' 

V 2 

14, a. Heat given H = — This gives 


!l = h. 

R\ R 2 

=> 

h Pi 

ti 

ifj 2 </ 

, than i 2 <i | 

15. a. 

P= i 2 R, — = 2—= 2x0.5% = 1% 
P 1 

16. h 

P 500W 

'-”•'-7 " ioov' 5A 


500W, 100 V loov 

* -vvw—— 

5 A R 

200 V 


Fig. 7.60 

Now, 5 /? = 100 or R = 20Q 
4 

2 1 

17. d. Combined resistance = — £1 = - Q 

8 2 

3 

_ V* 3x3x60. 

6 R 1/2 

= 60 x3 x3 x2 J 

18. b. When current is doubled, heating effect becomes four 
times. Now, Q « AT 

So, AT becomes four times. 

V 2 £ 

19. a. P - —. If P is more, R is less. R = p — . For less R> V is 

R a 

more. So. the 100 W bulb has thicker element. 

nV 2 V 2 P P 

20. c. Total resistance =-. Power = —— - — . 

P nv 2 n 


21. a. Due to increase in resistance, the current decreases. 
Again, P = 1 2 R. Note that / 2 is the dominant term. 

210x5 x60 


22. a. Heat in calories = 


4.2 


= 15000 


23. a. Think in terms of resistance. 

V 2 V 2 a V 2 nr 2 

24. \x P= — or P=—~- -— 

R pt pt 

25. b P= 200 x 3.75 W =750 W« 1 hp 

26. d P= VI\ / a - = 250x1000 A - 25 A 

V 10000 

27. c. Power lost = 25 x 25 x 10 W 

= 6250 W = 6.25 kW 

28. d U= — CV i = — x 100 x 10“ 6 X 200 x 200 J = 2 J 

2 2 

H a (00 

£ 1 - 1 ° 

P ~ 9 


(?-■)- 


100= ^-ljxlOO 

P'-P 100 ,, 

-x 100 = —- = 11 

P 9 

30. a. 2 kW x 30 h = 60 kWh = 60 units 

31. c R= R { +R 2 

y! yL j__ j_ _i_ 

p- P> + p 7 or ~p~TpT 7 


„ rp 2 

or P= 1 2 


P l+ P 2 


32. a. The condition for delivering maximum power is that the 
external resistance is equal to internal resistance. 

V 2 

33. b. Heat developed, H =-/ 

R 

Heat developed will be doubled when R is halved. 

Further,/? = p II (nr 2 ) 




l/ 2 ;rr 2 t 


pi 


So, heat produced will be doubled when both the iength and 
radius of the wire arc doubled. 

34. b> Heat produced ^ \ 2 
Initial heat produced = k (20) 2 
Final heat produced = 2k (20) 2 
If final current isthen 

kl' 2 = 2 x/c x (20) 2 =» I'=2Q&A 

. „„ 15x15 „ 15 X15 

35. lx 150=- or R= -£2 

R 150 

15 3 

or R= — Q=~ ft 
10 2 
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Now, 


2 R 
2 + R 


3 

2 


dt4R-3R~ 6orP = 6 £1 


V 2 

36. b. P = —. P is reduced by a factor of 4. So, P is increased 
by a factor of 4, 

V 2 

37. d. P = — * If Vis halved, P is reduced by a factor of 4. So, 

R 

, J000„, . 

new power is-W, i.e., 250 W, 


V 2 

38. d. Q = — t. When/? is halved, then Q is doubled* 

R 

39. c* Let potential difference of the voltage source be v. If 
resistances arc P, and R 2 and power dissipated in them be 
P { and P 2 > then 




V 2 B V 2 fj r 2 

—, P 2 = —, so — = — 
R t R 2 P 2 /?, 


p , 500 W e , 

43. b. P=VL / = — or /=-= 5A 

> V 100V 

Now, 5 P = 100 or P = 20 Q 

44. c. Power of the heater P = 1000 W 
Potential difference V= 100 V 


1 


Resistance P, = — = 
P 


100x100 


1000 

Now resistance of the circuit is 

10 R 100 + 20 R 


= ioa 


R 7 = 10 + 

2 10 + /? 


10 +/? 


V 2 

Power- — = 625 W 
*2 

_ 625 100+ 20/? 625 

R2 ~ ~V* ^ 10 + /? ~ 100x100 

/?= 15£2 



40. a. With series combination current through both the bulbs is 
the same. Let this be L 
Then P Y = 7 2 P, andP 2 = / 2 P^ 

1 = A 

3 ^ 


As 


A 

*2 



2 


41. b 


Power = 


R 


or V= -JPR = yjlxjo = n/20 = 2a/5 


Clearly voltage across single resistor of lOOcannot exceed 

2yfE V. Note that the resistance of parallel combination is 
half of 10 Cl. Thus, the maximum possible voltage between A 

and B is 3^5 V. 


42. d. Resistance of bulb = X lv ^ Cl -0.5 Cl 

4.5 

Resistance of parallel combination, 


Now, 

or 


lx 


P = 


|- n =-£2 


1 + 


2 

E-V 


:R 


8 £ -1.5 1 

- = -x - or 

3 1.5 3 


E = 13.5 V 


^ „ 120x120 ^ 

45. d. R m = —Cl = 240Cl 

60 60 



Fig. 7.61 


Current = 


120 a _!20 
240 + 6 _ 246 A 


Voltage across bulb 

.= ’“x 240V = ! ; '.I v' 
246 



Fig. 7.62 


Ruo ~ 


120x120 

240 


n = 60 n 
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Resistance of parallel combination 

= 60 * 240 
60 + 240 

Total resistance = (48 + 6) X2 = 54 £2 

^ , 120 A 
Current 7 = — A 
54 

Voltage across parallel combination 
120 

= - x 48 V = 106.7 V 

54 

Change in voltage = (117.1- 106.7) V = 10.4 V. 

46. c. Let current flows from b to a as shown (Fig. 7.63). 

\2 /» \7 


Ratio is |j/j 3/?:|j/j 6 R:/ 2 R 

or —: —: 1 or 4:2:3. 

3 3 


a / 


3 H 

-VWV- 




AAAAr 

6 R 


—VW\—*—o 




Fig. 7.63 

47. b. If power consumed in resistor I is 18 W, then power 

18 

consumed in each resistor II and III is —W. 

4 


-VWV 

[] 


-MAAr 


—vwv —*— 


Fig. 7.64 

Total power consumed 


= ^18 + — + jjw=27W. 


48. a. Let resistors P % Q and R have resistance r. The effective 
resistance across the source is 


r + r 


Current drawn from source is 


I 




Since Q and R have equal resistance r, each draws a current 
of 7 which is given by 


Heat dissipation in /?can now be determined and is given by 
Pr= | - I r = 2 W. 




49. b. If power consumed in resistor I is 18 W, then power 

18 

consumed in each resistor II and III is —W. 

4 




-AAAAr 

[j 


MI 

-AAAAr 




—vw v- ? 


Fig. 7.65 

Total power consumed 

” ( i8 + 7 + t) w=: 

50. a. Since alt the three resistors are in series the same current will 
flow through them. Their resistances are given by R =» V*/P. 

240x240 


■ 27 W. 


^40“ 


40 

R 60 = 960 0 and 7? 100 
Total resistance R = 2976 Q 
240 


= 1440 0 

= 576 0 


7 = 


' = 0.0806 A 


2976 

potential difference across the 40 W bulb = 1440 x 0.0806 = 
116V 

51. b. Let 7 1 be the current flowing in the 5 O resistor and 
(7 - / 1 ) in 4 O and 6 O resistors. The heat generated in the 5 O 
resistor is 10 cal s" 1 = 4.2 x 10 Js^ 

4.2x10=7^7? 




(0 


Since AB and CD are in parallel. Therefore, the potential 
difference remains the same between C and Z), and between 
A and B..\ (/-/,) (4 +6) = /, x5 
On solving using l } from (i) we get (7-2.9) 10 = 2.9 x 5 
7-2.9 = 1.45 or 7 = 4,35. 

Heal released per sec and in the 4 O resistor will be (4.35 - 
2.9) 2 x 4 = 8.4 Js _l = 2 cal s" 1 . 

52. b. For maximum power, external resistance is equal to internal 
resistance. Therefore, 

27? =4 or/? = 2 

, r . 10x5 10x5 20- 

53. a. Net resistance of circuit, 7? = — + ^ = — si 
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Heat generated in circuit per minute 


Q= l 2 Rt = (\0fx — x (10x60) 


20 


= 4x 10 5 J = 


4x10 
4.2 x 10 s 


-kilocal 


4x 10 


54. a* 


m — — * 

L 4.2 x 10 3 x 80 

p, = ?m p, = / 2 [^J 


= 1.19kg 


f 


[V 


■ "(?) 


■\ 1I1<11<IV<I 

55. b. The heat supplied under these conditions is the change in 
internal energy Q = A17. The heat supplied Q = i 2 Rt 
1 x 1 x 100 x5 x 60=30000 J = 30 kJ. 

56. a* All resistances are in parallel. 

V 2 1 

So, for parallel combination x = — / x « — 

R R 

57. c. When hot, 


R = 


200x200 


= 400 a 


P 100 
Hence, when cold, the resistance is 40 W. 

58. d. Let the resistance of the lamp filament be R. Then 100 = 
(220) 2 //?, When the voltage drops, expected power is 
P = (220 x 0.9) 2 //?'. 

Here, R* will be less than /?, because now the rise in 
temperature will be less. Therefore, P is more than (220 x 
0.9 ) 2 fR = 81 W. But it will not be 90% of the earlier value, 
because fall in temperature is small. Hence, option (d) is 
correct. 


59. b. In the First case 


(3 EY 

R 


r = (m) s At 


( 1 ) 


When the length of the wire is doubled, resistance and mass 
both are doubled. Therefore, in the second case, 


(NEf 
2 R 


t = ( 2m)s At 


( 2 ) 


Dividing equation (2) by (1), we get 
N 2 

— =2 or N 2 = 36 or 
18 


6. 


60. d. L is the latent heat of vaporization of water, the heat 
required for producing 1 g of steam, 

L =540 cal = 540 x 4.2 = 2268 J. 

Energy supplied = 1080 Js" 1 . 

Time required to boil 100 g of water 

= 540x 4.2 x 100/1080=210 s 


61. c. Given: P A = 60 W; />* = 100 W 

We know that current flowing through the bulb, 

V 

We also know that as both the bulbs are connected in 
parallel, therefore potential difference (V) across both the 
bulbs is same. Thus I<* P. 

Since the power of bulb B is greater than that of bulb A, 
therefore bulb B draws more current than bulb A. 

62. b. Resistance of the 25 W bulb, 


R i= — = 
Px 


V- (220r 


25 


= 1936 Q 


Resistance of the 100 W bulb, 

v?_ = <Vfff_ = mn 

2 P 2 100 

Series resistance, R = R } + R 2 - 2420 Cl 
Current through the series combination, 

/=^-=A a . ■ 

2420 11 

Potential difference across the 100 W bulb, 

V, = Z? 2 x/=484 x — =88 V 
11 

Thus the bulb of 25 W will be fused because it can tolerate 
only 220 V while the voltage across it is 352 V. 

63. a. Since power P is given by P= V 2 v7?, so R = V 2 fP. 

For the first bulb. 


R { = 


(220) 2 


U J 

25 


For the second bulb, 
^12 ~ 


V 2 ' 

"( 220 ) 2 " 

UJ 

100 


= 1936 0 


= 484 0 


Current in series combination is the same in the two bulbs 
and current 1 is given by 

V = 220 

~ R^R 2 ~ 1936 + 484 

220 J_ 

2420 II 

If the actual powers in the two bulbs be P\ and P 2 > then 
P',= rR, =1 —) x 1936= 16 W 


'-'Mr.) 


And />'=/*&,= |—| x 484 = 4 W 
Since P[ > P' 2 , so the 25 W bulb will glow more brightly. 
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64. a. Let the resistance of the two heaters are denoted by /?, 
and R 2 > respectively. 


R l = 


f V ^ 


and W 2 = | — 


Tf the resistance of the scries combination be denoted by R s 
and the corresponding power by P s> then R s = R l + R 2 . 


V 2 V 2 


or 

p s p < + Pi 


or 

D _ p \ p 2 _ 1000x1000 

r\ + p 2 

2000 

65. c« 

v 2 

H= — /, or /, 

HR, 

" V 2 


V 2 

H = -/ 2 or /, 

=xr | 
ii 


= 500 W 


<0 

(ii) 


In series combination, 




Ri + /? 2 

or + + , 

V 2 V 2 yl ~‘l +l 2 

66. b. Let R be the resistance of each lamp. If £is the applied 
e.m.f., then the current in the circuit /, is given by 

'• = j^wr 2E,3R 

Current flowing through Lj or L 3 

= JTmI-J1 

2|_3/?J~3fl 

When L, is fused, the whole current flows through L, and 

vSo, current through Lj decreases and the current through 
f -2 increases. 

67. c. The rale of heat developed is given by 

(210)’ 2205 . 

t‘ ~w‘ m5k = ir c “ ls 

Let m be the amount of ice melting per sec and, then 
„„ 2205 

/«x80 = — or /w = 6.56gs 

68. b. Current required by each bulb, 


A 

V 220 

If n bulbs are joined in parallel, then 

/ i joo 

/,/= L or nx-—= 10 or » = 22 
220 

69. b. U'N be the initial number of turns in the coil and rbc the 
radius of coil, ihen its resistance. 


„ L Nlnr 

R~ p- = p - 

A A 


or 


V 1 tA 


-Q- ms dB 


or — = 
N 

or - 1 - -= I 

t 2 IN 2 


4.2 pN2nr 
t _ ms d$ x 4.2 pljzr 


V 2 A 


= constant 


or 


N 2 

r 2 = — U - 

2 N } 1 


— Af. 
10 1 


t\ = — x 16 min 
10 


V J 

70. a. Energy consumed in 9.5 min 

= 25 x 1000x9.5 x60J = 1425000 J 
Heat usefully consumed 

= 3x4.2x 100x(100“ 15)J“ I071000J 
Loss = 3.5 x 10 5 J 

71. b. Watt = volt x ampere 

=> 60=230x1 or ;= — A 

23 

[f n lamps are used in parallel, each allowing 6/23 A, then 
total current, 

n X (6/23) ^ 5 

or n < 19.1 or n = 19 

72. b, Consider the position of key in contact with (he 
condenser. 

' m Energy stored in the condenser = -CE 2 . Now, the key is 

2 

thrown to contact with 2. If / be the current in the circuit, 
then 

H i ~J i R l and H 2 = / 2 R 2 


H=H,+H 2 = / 2 (tf, + R 2 ) = - CE 2 

t \500 + 300) = | x (5 x JO" 6 ) (200) 2 


u 5 x I0 _fi x 100 x 200 _ 

= -—-x 500 = 0.06 J 

o3U 


73. c. 


*i=—■ — 




/?, R 2 


V* 


ftp* 


^ «|+*2 P t P 2 V 2 (P,+P t ) F\+P 7 


NOW. P t + P 0 rr 


R. 


-- P 




cq 
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74. a- H =-. When voltage is halved, die heat becomes one- 

R 

fourth. Hence, lime taken lo heat the water becomes four 
times. 

75. sl Q =at -hi 2 => i~ ~ a - 2bI 

di 

i = 0 for / = / 0 = a/2b, i,e„ current flows from / ^ 0 to / = / 0 . The 

rr 0 2 

heat produced = j i Rdt, 


Multiple Correct 
Answers Type 


1. a^d. 

Let V = 200 V; R { and R 2 = resistance of the 25 W and 
100 W bulbs. 

/>, = 25 = W 3 //?, or S, = V 2 /25 and R 2 = V 2 /100 
R t R 2 

-VWV—1—vwv- 


Fig, 7.66 

When (he bulbs are joined in series, the current 

/= ——— 

R\ + R 2 

Power in the 25 W bulb = R y I 2 and in the LOO W bulb = R 2 I 2 . 


2. a.,c. 

Lot /?! and R 2 be the resistances of the two heaters and let H 
be the heat produced. 


// = 


v 




1 1 = 




When used in series, 


H = 


+ R 2 

When used in parallel, 
H = 


( v 2 


V*. 


v n 


h 
/ . 


When used in series, 


H= 


/?! + R 2 
When used in parallel, 


H = 


V 1 V- x 


R 


2 


3. a-,b-,c-,d. 

Treat all voltmeters and ammeters as resistances. Draw the 
circuit and find the currents and potential differences for 
each section. 


4. a., c.j d. 

4 Q and 6 Cl resistor are short-circuited. Therefore, no 
current will flow through these resistances. Current passing 
through the battery is/ = (20/2) = 10 A. 

This is also the current passing in wire AQ from B to A, 
Power supplied by ihe battery 

P= El = (20) (10) = 200 W 
Potential difference across the 4 £3 resistance 

= potential difference across the 6 Cl resistance 

5. b.,c. 



When connected in series, potential drop is in the ratio of 
their resistances. So, 


Now ,/>=/*/? 

V 2 R 2 9 

or R (in series I is the same) 



As se rti o n-Rea soni ng 
Type 


L a. Resistance of the connecting wires is much smaller than 
the electric appliances to which current is supplied by the 
wires. 


2. a. From P - — 

R 

more is the resistance. 

3. d .HocI 2 


R-—> lesser is the power rating. 


=> 0 ±= ii = =1.44 

W, UJ l ; i J 

There is 44% increase in illumination. 

4. b- Heater wire must have high resistance than the connect¬ 
ing wires so that most of the potential drops across the 
heater wire. Because in series more is the resistances, more 
is the potential difference. Obviously it should have high 
melting point. 

5. b. Safe current js independent of the length. It depends on 
the radius and property of the material of fuse wire. 

6* a. The potential difference across the resistance is always 
I £j - E 2 L Hence assertion and reason are true and the reason 
is the correct explanation of the assertion. 

7. d. Ratio of resistances will be 4: L therefore ratio of powers 
produced will also be 4: l in series. 

8. d. Power used - i 2 R 

Hence power is consumed, not the current. 

9. b .P = Z 2 R 
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100%X^yj = 2^yjl00%. 

10. d. Internal resistance is drawn in series with battery. 


Comprehension 

Type 


For Problemsl“2 
1. b., 2. c. 

Sol. As section AB consumes 50 W at 1 A and P = W, 
p 50 W 

y= V -V fl =- = —— = 50V 
A l 1 A 

As R and C are in series 

V=V* + V C , ^ V c =y-V* 

But here y = 50 V and V r = 1R=] x 2=2V 
So, V c =50-2 = 48V 

Now as the element C absorbs energy and has no 
resistance, it is a source of e.m.f. with zero internal 
resistance (i.e., ideal battery) 

So e.m.f., E- V+/r = 48 + 1 x0 = 48 V 
and as in charging positive and negative terminals of the 
charger are connected to the positive and negative 
terminals of the battery, respectively, B is connected to 
the negative terminal of element C. 

For Problems3-4 
3. b.,4. b. 

Sol. Heat required to begin boiling is same for every case. Let 
this be H . Let7? l and R 1 be the resistances of the coils and 
V be the supply voltage, t^-6 mih and t 2 = 8 min. 

Let a is the time when they are in series and / is the time 
when they are in parallel. 

//=powerxtime 

v 2 


y 2 y 2 I/ 2 


H — t\ — _ — ■ 


fl,= 


V\ 

H 


/?, +/? 2 


-I. = 


y 2 (*■+**) 


r,r 


1^2 


and 


Subtracting, we get H = 


* 2 = 

v\ 

+ R 2 


V 2 t 2 

H 


V 2 t< 


A = h + h - M min 

i ' 

Subtracting in H y we get H - 

/ 


//= V X 


\ 


H 

V 2 h 


R\R 2 
H 




(R l ^R 2 )t l) 


V 2 i 


r,/ 2 _ 6x8 

p U + u 6 + 8 


24 . 

= — min 


ForProblems5-6 
5. a., 6. d. 

Sol. 60 W bulb will beof higher resistance. If only switch M' is 
closed, 120 W bulb will glow. If only switch is closed, 
60 W bulb will glow. If both the switches are closed, both 
bulbs will glow with total illumination 180 W. 




120 W 


120 V 

Fig. 7.67 

When the filament of higher resistance (of 60 W bulb) burns 
out then for two settings (cither l T is closed or both are 
closed) power dissipated will be 120 W. 

For Problems 7-9 
7. c.,8.d.,9.b. 

Sol. In loop EBFME: 

V n - ri, - r/'i + - /, ] + >'(j “ '1) = V r. 

'' = 2 (r'') 


n 


=i> = ' 


H 


> 

'ta. 

i 

, / . 2 , 
2"'l 

w 

! 

, 1 

'2 J 

2 1 

. / . 
2' ,! 


2 

? i 
i\ 

B 


1 V 

Fig. 7.68 


Loop AEBCSA: 


V A - r L- ril -ri\-r^ + V = V A 


v= n-f-2n. 


■ ^ / 
v~n + 2r — 
4 


1 1 _ 


a 


v=l!l r = ^ = ^1 

2 ’ ct| i 2 

.\2 


2 


K \ 0-2O 2 


= 4 


(W 

Let £ is the balancing length, then 


k^v h -v c 




if-^k 


Kt = ir 


K£- 


2 V 
3 


2 V 

IT 
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For Problems 10 - 12 
10.d.,ll.c.,12.a. 

Sol. Initially when all the capacitors are uncharged, they will 
act as conducting wires. Hence, all the resistances (except 
5 Q.) will be short-circuited. So, no resistance occurs 
between A and 7\ So, current through the 5 Q resistor will be 

— A =2 A. 

5 

In steady state, distribution of current is shown. 


Energy in it is given by 



Fig. 7.69 

Loop ABCEFMA: 

10 = 2/, + 37 t +5(7, + 1 2 ) 

107,+5 1 2 = 10 
Loop ADGHFMA : 

10 = 3 / 2 + 77 2 + 5(7,+7 2 ) 

5/| + 15/ 2 = 10 
From (i) and (ii) 

/, = — A, 7 2 =-A 
1 5 5 

Hence, current through the 5 Q resistor is 1 2 + I 2 = ^ A 
Potential difference across the 2 jiF capacitor 

= 2/[= 2 x — = - V 
1 5 5 

Energy in it is given by 

r , 1 . V 64 , 

1 2 UJ 25 

Potential difference across the 3 pF capacitor is 


(i) 


(ii) 


, 4 12 „ 

3/, = 3 X - = — V 
1 5 5 


Energy in it is given by 


1 


V 2 = -x3|- 


( 11 V = 216 

l 5 J "‘25 


& 


Potential difference across the 3 pF capacitor is 

. 2 6 „ 

3/, — 3 X - V 
2 5 5 


6 ' 


54 


tA>= — x 3 - =— pJ 

3 2 UJ 25 ^ 

Potential difference across the 7 pF capacitor is 
7 /,= 7 x — = — V 


Energy in it is given by 


U,~ r X7 


ru 


686 


pj 


is; 25 

This whole of the energy stored in all capacitors will be 
dissipated after the switch is opened. So energy dissipated 

= £/, +1/ 2 + + f/ 4 = 40.8 |iJ 

For Problems 13 - 15 
13. b., 14. a., 15. b. 

SOL l 2 = ^ - I {y 

V l = (V 2 +V z )=V 
Pl=P3 . 

7?2 = 

V 2 = V 3 =V/2 
P,= P 2 = P 3 = P 4 (given) 

V\ (V/ 2 ) ! 

P, -36’ 

As p t = P l9 so R 3 = 9Q 
Also R 3 = R 2 ~9 Q 

l a = f and/ 4 = /,P l = P 4 = 4W 


and 

=> 

and 


( 3 ] 7?,= (/) 2 /? 4 = 4W 


q ~ ^4 ^ /f 4 —40 



( 0 ) 

( 0 ) 

( 0 ) 


Also 


/= 1 A 

7?^ = 16 £1 and / = 1 A, £ = 16 V 
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i 


Matching 
Column Type 


l.i. —> c., ii. —> a^b^c.jd., iii. —> d., iv. —> d. 



Fig. 7.71 


Terminal potential difference across the cell is 
V^E-lr 


This is maximum if / = 0, and this is possible if /? = <*>. 
Hence i. —»c. 

Power transferred to R is maximum if R = r. In all other cases 
it will be somewhat less* 


Hence ii* —> a*,b.,c.,d. 

Power dissipated in cell = E1 
This is maximum if 7 is maximum, 
for this R = 0. Hence iii, —> d. 

Also if 7 is maximum, there will be the fastest drift of ions in 
electrolyte in the cell* Hence iv. —»d. 

2 .i. ii. —> c., iii. —» c., iv. —> c. 


Sol. Charging rate means current = 7 j. So, if charging rate 

is maximum, then current is also maximum. Hence i. —» a, d. 
Charge on the capacitor is maximum in steady state. In 


steady slate current becomes zero. Hence ii. —> c. 

Power supplied by the battery is maximum initially because 
current is maximum initially* At this time charge on the 
capacitor is zero. Hence iii* —»c* / 

Difference in the power supplied by battery and power 
consumed in R is 

EI-I 2 R = EI-I(IR) = EI-IE = 0 
Hence iv*->c. 

3. i. —> b.,d., ii. —> a.,c M d., iii. -» a.,c.,d., iv. —> b.,d. 

Sol. We have, 7, = - — A, I 2 - — A, L = --^-A - 
1 20 20 20 

In each cell thermal energy will be dissipated due to internal 

resistance whether the chemical energy of the cell is 

increasing or decreasing* 

i. Cell I is getting charged, hence its chemical energy 
increases. 

ii. Cells II and III bolh are getting discharged, hence their 
chemical energy is decreasing. So, work done by both 
of them is positive. 

iv. Cell IV is getting charged, hence its chemical energy 
increases. 
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MAGNETIC FLUX 

The magnetic flux passing through a loop of area A is defined as 

0Q = BA [for uniform i?] 

or <p = BA cos &=B 1 A 

where is the component of the magnetic Held B perpendicular 
to the face of the loop, and 0 is the angle between the direction of 
the magnetic field and the vector representing area. Direction of 
area vector is outward normal to the face of the loop (see Fig. 8.1). 



If the surface is not plane, we can divide any surface into 
elements of area dA (as shown in Fig. 8.2). For each element we 
determine B ±t the component of normal to the surface at the 
position of that element, as shown. From the figure, B ± = B cos 0, 
where <j> is the angle 'between the direction of B and a line 
perpendicular to the sorface. In general, this component varies 
from point to point on the surface. 



We define the magnetic flux dA> a through the area element dA as 
d<& B = B ± dA 

The total magnetic flux through the surface is the sum of the 
contributions from the individual area elements; 

Q> g — | B x dA = § B costpdA = j BdA (magnetic flux through 
a surface) 

The unit of magnetic flux is tesla metre 2 which is called 
weber (Wb) in honour of Wilhelm Weber. I Wb = 1 Tm 2 . Clearly, B 
can be measured in Wb m“ 2 . I Wb nT 2 = 1 T. Sometimes it is 
referred to as flux density. 

I A long solenoid with radius 2 cm carries a 

current of 2 A. The solenoid is 70 cm long and is composed of 
300 turns of wire. Assuming ideal solenoid model, calculate the 
flux linked with a circular surface, 


a if it has a radius of 1 cm and is perpendicular to the axis of 
the solenoid: 

i. inside, , ii. outside. 

b. if it has a radius of 3 cm and is perpendicular to the axis 
of the solenoid with its centre lying on the axis of the 
solenoid. 

c. if it has a radius greater than 2 cm and axis of the solenoid 
subtends an angle, of 60° with the normal to the area 
(the centre of the circular surface being on the axis of the 
solenoid). 

d. if the plane of the circular area is parallel to the axis of 
the solenoid. 

1 Bn 

Sol. For an ideal solenoid: B axix = 0 and B {n = —- (4 nnT) jt 0 nl. 

Am 

So, here B 0[ll = 0 and£ in = KT 7 [4^(300/0.7) x2] 1.076 x 10" 3 T 
and for constant field <p B = jB-ds-BS cos 9. 
a. As in this situation <9- 0 and s = Qx (1 x 10 -2 ) 2 m 

i. <p m = (1.076 x 10“*) x (mx 10" 4 ) cos 0 = 3.38 x 10“ 7 Wb 

ii. 0 olll = 0x(^x 10^) cos 0 = 0 (as B olll = 0) 
h, In this situation 6- 0 [Fig. 8.3(a)]. 

So, A = 4+ <!W = B in [ilY. (2x 10- 2 ) 2 ] + fl ou ,[rc(3 2 -2 2 )x 10^j 
= (1,076 x 10- 3 ) x (ttx 4 x I0" 1 ) + 00 x 5 x 10^*] 

= 13.52 x ]0 _7 Wb 

Note: 

This is the maximum flux which the given solenoid can 
produce for any surface and is independent of shape 
and size of the surface ifR £ r. 

c. In this situation, 6- 60° [Fig. 8.3(b)], so 

<P C = <p m = B m xOx4x 10-) cos 60 + 0 [as = 0] 
or <f> c = <f> h cos 60 = (13.52 X 10 -7 ) x cos 60 = 6.76 x 10‘ 7 Wb 
d In this situation, as 0 = 90° [Fig. 8.3(c)] 

<f> d x S x cos 90 = 0 


B 




A long copper wire carries a current of 7 
ampere. Calculate the magnetic flux per metre of the wire for 
a plane surface S inside the wire as shown in Fig. 8.4. 





































Faraday's Law and Lena's Law 8.3 



Sol. Consider an element of width dr at a distance r from the axis 
of the wire. The field due to the current / in the wire at the position 
u. *2.1* 

of element will be B = ——. 

An r 


But 


So, 


„ I 2 
l = —-r x nr = — 
kR 2 R 1 

B = — —-r 
An R 2 


and as its direction is perpendicular to ihc plane surface, flux 
linked with the element is given by 

dtp=Bds cosdx ^-~r (l dr) cos 0 
4 KR 1 ' 



Faraday's Law of Electromagnetic Induction 

On the basis of several experimental observations, Michael 
Faraday came to the following conclusions. 

1. Whenever there is a relative motion between a magnet 
(source of magnetic field) and a closed conducting loop, 
electric current appears in the loop. It happens because of the 
change in magnetic flux associated with the loop. 

2 . Since e.m.f. causes current in a circuit, when loop and magnet 
are brought in relative motion current flows in the loop. This 
implies that an e.m.f. is set up in the loop. This e.m.f. is known 
as induced e.m.f. and its magnitude is directly proportional to 
the rate of change of magnetic flux with time. 

Now, we come to the Faradays's law of electromagnetic 
induction. In mathematical form induced e.m.f. can be given by 
, dg>n 

the expression £- —. 

As such, Faraday's law in itself is complete to tell the 
magnitude and polarity of induced e.m.f. But Lenz's rule is 
commonly used to determine the polarity of induced e.m.f or 
direction of induced current. 


1. Define a positive direction for the area vector A 

2. From the directions of A and the magnetic field B , 
determine the sign of the magnetic flux F^'and its rate of 
change dQ> 8 l clt. Fig. 8.6 shows several examples. 

3. Determine the sign of the induced e.m.f. or current. If the 
flux is increasing, i.e., d<t> B I dt is positive, then the induced 
e.m.f. or current is negative; if (he flux is decreasing, 
d<to B idt is negative, then the induced e.m.f. or current is 
positive. 

4. Finally, determine the direction of the induced e.m.f. or 
current using your right hand. Curl the fingers of your right 
hand around the A vector, with your right thumb in the 
direction of A . IT the induced e.m.f. or current in the circuit is 
positive, then it is in the same direction as your curled fingers; 
if the induced e.m.f or current Is negative, then it is in the 
opposite direction. 
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Fig, 8.6 


The magnetic flux is becoming (a) more positive, (b) less 
positive, (c) more negative and (d) less negative. Therefore, 
is in^easing in (a) and (d) and decreasing in (b) and (c). In (a) 
and (d) the values of the e.m.f are negative (they are opposite to 
(he direction of the curled fingers of your right hand when your 
right thumb points along A ). In (b) and (c) the values of the 
e.m.f. are positive (in the same direction as the curled fingers). 


LENZ'S LAW 


Direction of Induced e.m.f. 

We can find the direction of an induced e.m.f. or current by using 
£= -d$> B jdt together with some simple sign rules. Here is the 
procedure; 


Direction of the Induced Current in a Circuit 

Lenz's law states that '‘when the magnetic flux through a loop 
changes, a current is induced in the loop such that the magnetic 
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field due to the induced current opposes the change in the 
magnetic flux through the loop”. 

The above rule can be systematically applied as follows to 
determine the direction of the induced currents. 

• Identify the loop in which the induced current is to be 
determined. 

• Determine the direction of the magnetic field in this loop 
(i.e., in or out of the loop). 

• The direction of flux is the same as the direction of the 
magnetic field. Determine if the flux through the loop is 
increasing or decreasing (because of change in area or 
change in B), 

Choose the appropriate current in the loop that will oppose the 
change in flux. 

• If the flux is into the paper and increasing the flux due to the 
induced current should be out of the paper. 

• If the flux is into the paper and decreasing, the flux due to 
the induced current should be into the paper. 

• If the flux is out of the paper and increasing, the fiux due to 
the induced current should be into the paper. 

• If the flux is out of the paper and decreasing, the flux due to 
the induced current should be out of the paper. 

The above description is the physical interpretation of Lenz's 
law. We can determine the direction of the induced current 

d< 3>„ 

mathematically by simply applying Lenz’s law £ jnd =-— 

'dt 

with the appropriate conventions. 

The right hand sign convention used is as follows. 

• For counterclockwise current, e.m.f. is positive. 

• For clockwise current, e.m.f. is negative. 

• Magnetic flux out of the paper is positive. 

• Magnetic flux into the plane of the paper is negative. 

• The rate of change of an increasing positive flux is positive. 

• The rate of change of a decreasing positive flux is negative. 

• The rate of change of an increasing negative flux is negative. 

• The rate of change of a decreasing negative flux is positive. 

Let us consider some of the cases regarding application of 
Lenz's law. 

• Suppose north pole of a bar magnet is moved towards a loop 
as shown in Fig. 8.7. Because of change in magnetic flux 
associated with the loop current is induced in it. Due to 
induced current, magnetic field is induced in such a way that 
it opposes the motion of the bar magnet. As the north pole is 
moving towards the loop, hence to oppose the motion of the 
bar magnet only the north pole will be induced on that face of 

the loop which faces the magnet. The induced current due to 

—> 

the change in B is clockwise, as seen from above the loop. 

—^ 

The added field £ intiuc( . d that it causes is downward, 

—> 

the change in the upward field B . 



A Change in B 



• Consider Fig. 8.8. A rectangular loop ABCD is being pulled 
out of the magnetic field directed into the plane of the paper. 
As the loop is dragged out of the field the fiux associated 
with the loop which is directed into the plane of the paper 
decreases. The induced current will flow in the loop in the 
sense to oppose the decrease of this flux. For this to happen, 
magnetic field due to the induced current in the loop must be 
directed into the plane of the paper. Hence current in the loop 
must flow in the clockwise sense. 



A dosed loop with the geometry shown in 


Fig. 8.9 is placed in a uniform magnetic Held directed into the 
plane of the paper. If the magnetic field decreases with time, 
determine the direction of the induced e.m.f. in this loop. 

A a B 2 a C 



F a E 2 a D 

Fig. 8.9 


Sol. There are two loops that are Immersed in the magnetic field, 
namely, ABEFA and BCDEB. 



i] t2 

Fig. 8.10 


Consider loop ABEFA. Magnetic flux is into the plane of the 
paper. For loop BCDEB too, the magnetic flux is into the plane of 
the paper. 

In both loops, the magnetic flux is decreasing with time. 
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Therefore the induced current in loop A8EFA y i [y will be in a 
direction so as to induce a flux into the paper. The direction of ij 
is clockwise. 

Likewise in loop BCDEB the current i 2 will be in a direction 
so as to induce a flux into the paper. The direction of i 2 is also 
clockwise. The final induced currents in all the arms of the loop 
are shown in Fig. 8.10. 

According to Faraday's law, whenever there is a change in 
magnetic flux an induced e.m.f. is produced. It is wrong to 
interpret the law as follows. 

When Lhere is no change in the magnetic flux, no induced 
e.m.f. will be produced. 

There are situations when induced e.m.f. is produced but there 
is no change in magnetic flux. 


■_ £ = 1 

R R{ dJ ) 

Current starts flowing in the circuit, i.e., flow of charge takes 
place. Charge flown in the circuit in time dt will be given by 

dq*ldt = ~{~dip B ) 

R 

Thus, for a time interval At we can write 

From these equations we can see that ^ and i are inversely 
proportional to At while A q is independent of At. It depends 
on the magnitude of change in flux, not the time taken by it. 


Note down the following points regarding the Faraday's 
law: 


1. As we have seen, induced e.m.f. is produced only when 
there is a change in magnetic flux passing through a loop. 
The flux passing through the loop is given by (/>-BA cos 6. 
Thus, flux can be changed in several ways: 
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Fig. 8.11 


BHMTTOlTffligl A circular loop of radius a having // turns is 
kept in a horizontal plane. A uniform magnetic Geld B exists in a 
vertical direction as shown in Fig. 8.13. Find the induced in 
the loop if the loop is rotated with a uniform angular velocity co 
about 

a. an axis passing through the center and perpendicular to the 
plane of the loop. 

b. a diameter. 


X 


V 



v -i 

♦ The magnitude of B can change with time. In the 
problems if magnetic field is given as a function of time, 
it implies that the magnetic Geld is changing. Thus, 

♦ The current produced by the magnetic field can change 
with time.' So v the current can be given as a function of 
time. Hence, 

i = i(f) 
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Fig. 8.12 

• The area enclosed by the loop can change with time. 
This can be done by pulling a loop inside (or outside) a 
magnetic fiejd. By doing so, the area enclosed by the loop 
(hatched area) can be changed. 

• The angle 0 between B and the normal to the loop can 
change with time. This can be done by rotating a loop in 
a magnetic field. 

• Any combination of the above can occur. 

2. When the magnetic field passing through a loop is changed 
an induced e.m.f. and hence an induced current is produced 
in the circuit. If R is the resistance of the circuit, then 
induced current is given by 


Fig. 8.13 
Sol. 

a. The e.m.f. induces when there is change of flux. As in this 
case (Fig. 8.13) there is no change of flux, hence no e.m.f. will 
be induced in the coil. 

b. If the loop is rotated about a diameter there will be change of 
flux with time. In this case e.m.f. will be induced in the coil. 
The area of the loop is A - Jta 1 . If the normal of the loop 
makes an angle 0=0 with the magnetic field aw = 0. this 
angle will beoome 9- coi at lime /. The flux of the magnetic 
field at this time is 


X X X X H * * 



Fig. 8.14 

0 = nBm? COS 0= nBm 2 cos 0)1 

The induced e.m.f. is £- — - /tna 2 Bo)sln cot. 
dt 

Fig. 8.15(a) shows two circular rings of 
radii a and b (a > b) joined together with wires of negligible 
resistance. Fig. 8.15(b) shows the pattern obtained by folding the 
small loop in the plane of the large loop. 
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Fig. 8.15 


The pattern shown in Fig. 8.15(c) is obtained by twisting the 
small loop of Fig. 8.15(a) through 180*. 

Ail the three arrangements are placed in a uniform time 
dB 

varying magnetic field —- = k y perpendicular to the plane of 
dt 

the loops. If the resistance per unit length of the wire is A, 
then determine the induced current in each case. 

Sol. 

a. (j>g- P {a 2 + b 2 )B 

e= ^S. = ji(a 2 + b 2 ) = — + b 2 )k 

dt dt 


Induced current, / = — 
R 


;r(g 2 +fr 2 U 

A[2 n(a +b)] 


kja^ + b^) 

2A(a+b) 


b. <p B = Tca 2 B - nb 2 B - nB(a 2 - b 2 ) 


£ = 


_ ndB 
dt ~ dt 


b 2 ) = nk(u 2 - b 2 ) 


Induced current,/ = 


£ 

R 


7ik{a 2 —b 2 ) _k(a—b) 

2xA(a+b) 2A 
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A conducting rod of length / slides at 


constant velocity v on two parallel conducting rails, placed in 
a uniform and constant magnetic field B perpendicular to the 
plane of the rails as shown in Fig. 8.17. A resistance R is 
connected between the two ends of the rail. 


i. Identify the cause which produces change in magnetic 
flux. 

ii. Identify the direction of current in the loop. 

iii. Determine the e.m.f. induced in the Loop. 

iv. Compute the electric power dissipated in the resistor. 

v. Calculate the mechanical power required to pull the rod 
at constant velocity. 


Sol. 



i. The change in area produces the change in magnetic flux, 
fa^Blx^Biv. 

ii. The direction of current in the loop is anticlockwise. As the 
rod moves towards right the number of crosses in the loop 
increases with lime and to oppose the increasing number 
of crosses in the loop the current in the loop must be 
anticlockwise. 


iii. According to Faraday's law, I e\ =—— - Blv . 

dt 

t £ Bh 

The magnitude of current is / = — = — 

R R 

iv. The electric power dissipated in the resistor is 




r2n _ 


B 2 l\ 

R 


v. The mechanical power is = F cxl v. 

The external force is equal and opposite to the Ampere's force: 

F = _ F 

*cxl r ampere 

The Ampere’s force is given by 


c. 



£- —-~nk (a 2 -b~) 
dt 


Induced current, / - — = —— 

R 2A 


P.ii«pck = j/dlx /I or F n , mn = Bie 
Now, P mxh = (Bli)v. 

B 2 I 2 v 2 

Substituting the value of /, we get P mcch =-- 

R 

Space is divided by the line AD into two 
regions. Region I is field free and region II has a uniform 
magnetic field B directed into the plane of the paper. A CD is a 
semicircular conducting loop of radius r with centre atO, the 
plane of the loop being in the plane of the paper. The loop is 
now made to rotate with a constant angular velocity 0) about 
an axis passing through O and the perpendicular to the plane 
of the paper. The effective resistance of the loop is R . 





















Faraday's Law and Lenz's Law &.7 


Region 1 

X 



X 


Region II 
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Fig. 8.18 

i. Obtain an expression for the magnitude of the induced 
current in the loop. 

ii. Show the direction of the current when the loop is 
entering into region II. 

iii. Plot a graph between the induced e.m.f. and the lime of 

rotation for the two periods of rotation. (ETT-JEE, 1985) 


Sol. 

i. When the loop is rotated about an axis passing through the 
centre O and perpendicular to the plane of the paper, the 
angle between magnetic Held vector B and area A is always 
0°. When the loop is in region /, the magnetic flux linked 
with loop = BA cos 0 = 0 the (since B = 0 in region I). 


e = B-r 


d 1 2 e 

dt 


1 2 l 
= B-rco = -0) 


As resistance of die loop is R, (he current induced is given by 
e _ I Br^o) 

R ~ 2 R 

This is the required expression forcurrenl induced in the loop. 


ii. According to Lenz's law the direction of current induced is to 
oppose the change in magnetic flux. So, when entering into 
region 11 the field produced by the current induced 
must be upward. For this, the current in the loop must be 
anticlockwise. 

iii. When the loop enters the magnetic field the magnetic flux 


linked with it increases and the e.m.f. c = — Br 2 0) I is 

2 


induced in one direction. When (he loop comes out of the 
field, the flux decreases and e.m.f. is induced in opposite 
sense. The graph for representing the e.m.f. induced versus 
lime for two periods (7= 2 nJ m) is shown in Fig. 8.19(b). 


Concept Application Exercise 8.1 
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Fig. 8.19 


REGION 
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When (he loop enters the magnetic field in region II. the 
magnetic flux linked with it is given by <p “ BA. Therefore, e.m.f. 
induced 


e = 


d$ 

~di 


d , dA „ dA 

( 8A)=-B— -B — 
dt dt dt 


If d&\s the angle rotated by the loop in lime df> then dA is the 
area of triangle OEA' 


1 I o 

= -r(rdff)=-r 2 d8 

2 2 


1. Consider the hemispherical closed surface as shown in 
Fig. 8.20. [f the hemisphere is in a uniform magnetic field 
that makes an angle 6 with the vertical, calculate the 
magnetic flux 



a. through the flat surface 5,. 

b. through the hemisphere surface S 2 - 

2. A cube of edge length t = 2.50 cm is positioned as 
shown in Fig. 8.21. A uniform magnetic Held given by 

B = (5.00 f +4.00 y + 3.00fc) T exists throughout the region. 



/ 

/ l 


Fig. 8.21 

a. Calculate the flux through the shaded face. 

b. What is the total flux through the six faces? 

3. A conducting ring is placed near a solenoid as shown in 
Fig. 8.22. Find the direction of the induced current in the 
ring 
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Fig. 8.22 

a ;it the instant the switch in the circuit containing the 
solenoid is closed. 

b. after the switch has been closed for a long lime. 

c. at the instant the switch is opened. 

4. Identify the direction of induced current as seen from the 
above in the following cases. 



5. A circular loopol wire is in a region of spatially uniform 
magnetic field, as .shown in Fig. 8.24. The magnetic field is 
directed into the plane of the paper. Detci mine the direction 
(clockwise or counterclockwise) of the induced current in 
the loop when 



>< * X X 


Fig. 8.24 

a. H is increasing. 1). B is decreasing, 

c. /> is constant with value B (y Explain your reasoning. 

6 . Using Lctv/.’s law, determine the direct ion of the current in 
resistor ah of Fig. 8,25 when 



Fig. 8.25 


n 



M/wW 

o h 


a. switch .S' is opened alter having been closed for several 
minutes. 


b. coil B is brought closer to coil A with the switch closed. 

c. the resistance of R is decreased while the switch remains 

closed. 

7. A cardboard tube is wrapped with two windings of 
insulated wire wound in opposite directions, as shown in 
Fig. 8.26. Terminals a and b of windings! may he connected 
to a battery through a reversing switch. State whether the 
induced current in the resistor R is from left to right or from 
right to left in the following circumstances. 


a h 



Fig. 8.26 

a. The current in winding A is from a iob and is increasing. 

b. The current in winding A is from b to a and is decreasing. 

c. The current in winding A is from b to a and is increasing. 

8 . A small, circular ring is inside a larger loop that is 
connected to a battery and a switch, as shown in Fig. 8.27. 
Use Lena’s law to find the direction of die current induced 
in the small ring 



a. just after switch S is closed: 

b. after S has been dosed for a long time; 

c- just afler S has been reopened after being closed for a 
long time. 

9. a. Predict the polarity of the capacitor C as shown in 
Fig. 8.28 when S and N poles of two identical magnets 
approadi the coil from opposite sides with equal 
velocity. The plane of the loop containing the capacitor 
is perpendicular to the plane of the paper. 



Fig. 8.28 

b. A magnetic field perpendicular to the plane of a 
rectangular frame of wire is concentrated about 0 , If 
the field decreases, will there be any c.nuf, induced in 
loop I ? What about loop 2? Lixplain why. 
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Fig, 8,29 


10. A coil is placed in a constant magnetic field. The magnetic 
field is parallel to the plane of the coil as shown in 
Fig. 8.30. Find thee.m.f. induced indie coil. 



11. Find thee.m.f. induced in the coil shown in Fig. 8.31. The 
magnetic field is perpendicular to the plane of the coil and 
is constant. 



12. Find the direction of induced current in the coil shown in 
Fig. 8.32. Magnetic field is perpendicular to the plane of the 
coil and it is increasing with time. 



Fig. 8,32 

13. Fig. 8.33 shows a coil placed in a decreasing magnetic field 
applied perpendicular to the plane of the coil. The magnetic 
field is decreasing at a rate of 10 T s" 1 . Find out currcmin 
magnitude and direction. 



14, Fig. 8.34 shows a coil placed in a magnetic field decreasing 
at a rate of 10 Ts” 1 . There is also a source of e.m.f. 30 V in 
the coil. Find the magnitude and direction of the current in 
the coil. 


30 V 



15. A square loop of wire with resistance R is moved at a 
constant speed v across a uniform magnetic field confined 
to a square region whose sides arc twice the length of those 
of the square loop (as shown in Fig, 8.35). " 

2 / 

X X x X 
X X X 
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>C X X X 

_ V -1-(-—L_I_ 

-11 ~L O l 1L 



Fig. 8.35 

a. Graph the external force F needed to move the loop at a 
constant speed as a function of the coordinate 

x - -2L to x = Y2L . (The coordinate x is measured from 
the centre of the magnetic field region to the center of 
the loop. It is negative when the center of the loop is to 
the left of the center of the magnetic field region. Take 
positive force to be to the right.) 

b. Graph the induced current in (he loop^s.a.functipn of x^ 
Take counterclockwise currents to be positive. 

16. Two magnetic fields exist in the two regions as shown in 
Fig. 8.36. A \oop abed o(4Q x 10 cm is placed in the field. 
The resistance per unit length of the loop is r - 2 Q cm" 1 . 
All of a sudden the loop is given a velocity v 0 = 20 cm $~ l 
towards right. What is the potential difference V c - V h 1 


ix to 2 © 
d 


2 x 10 1 © 
c 





0 


} 

> 


Fig. 8,36 

17. The wire shown in Fig. 8.37 is bent in the shape of a tent* 
with 0- 60.0° and L = 1.50 m, and is placed in a uniform 
magnetic field of magnitude 0.300 T perpendicular to the 
tabletop, The wire is rigid but hinged at points a and b. If 
the “tent" is flattened out on the table in 0.100 s, what is the 
average induced e.m.f. in the wire during this time? 


b 



18. The plane of a square loop of wiro wUh edge length 
a - 0.200 m is perpendicular to the Earth’s magnetic field 
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O 



MOTIONAL ELECTROMOTIVE FORCE 


Fig. 8.39 shows a moving rod in a uniform magnetic field B 
directed into the page. If a straight conductor is moving in a 

magnetic field electrons inside it experience a force F = ev x 3 
and accumulate at end of the conductor. Thus, an electric field is 
established across its ends. The e\>xB is balanced by eE in the 
opposite direction, at equilibrium. 
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(b) 


Fig. 8.39 


ev xB + eE = 0 

£ - - J E-ill = J(v x B) dl =\b-( ill x V) (i) 

As dl x vis the area swept per unit time by length dl and 
hence B(dl x v) is the flux of induction through the area. 
Therefore, the motional e.m.f. is equal to the flux of induction cut 
by the conductor per unit time. The magnitude of the potential 
difference V nh = V ti - V b is equal to the electric field magnitude E 
multiplied by the length L of the rod. From the above discussion. 
E = VB. So. V ah = EL = vBL with point a at higher potential than 
point £>. 

The e.m.f. associated with the moving rod as shown in the 
figure is analogous to that of a battery with its positive terminal at 
a and its negative terminal at Z>, although the origins of the two 
e.m.f.’s are quite different. 

A motional e.m.f. is also present in the isolated moving rod as 
shown in the figure, in the same way that a battery has an e.m.f. 
even when it is not part of a circuit. The direction of the induced 
e.m.f. as shown in the figure can be deduced by using Lenz's law, 
even if the conductor does not form a complete circuit. In this 
case, we can mentally complete the circuit between the ends of 
the conductor and use Lenz’s law to determine the direction of 
the current. 

This expression looks very different from our original 
statement of Faraday’s law, which states that £ = -d<$ u / dt. In 
fact, the two statements are equivalent. It can be shown that the 
rate of change of magnetic flux through a moving conducting 
loop is always given by the negative of the expression in the 
figure. Thus this equation gives us an alternative formulation of 
Faraday’s law. This alternative is often more convenient than the 
original one in problems with moving conductors. But when we 
have stationary conductors in changing magnetic fields, the 
above equation can be used; in this case, £ = -d<& D fdt is the 
only correct way to express Faraday’s law. 

If a straight conductor is moving with'constant velocity in a 
uniform magnetic field as shown in Fig. 8.39(a) then equation (i) 
can be written as 

£= B (fxv) (ii) 

Equation (ii) is the scalar triple product of the vector that can 
be written using the property of scalar triple product. 

£ = B(lx^)=(Bxl)v 

= v(Bxl)= (vxB)l^l(vxB) (iii) 

It is clear from the above equations that if any of the vectors 
becomes parallel to another, induced motional e.m.f. will be zero. 
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Situation 


Equivalent circuit 
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Fig. 10.40 
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A circular loop of radius r moves with a 
constant velocity v in a region with uniform magnetic field B . 
Calculate the potential difference between two points (A, B ), 
(C, D) and (£, F) located on the loop. 


8 



Fig. 8.42 


Sol. This illustration highlights a very common misconception in 
students. We know that when a closed loop translates in a uniform 
magnetic field, the net e.m.f. induced in the loop is zero. Students 
jump to the conclusion that the potential difference across any 
two points oil the loop should also be zero. This conclusion is 
wrong' 

; ^usider the case of two points A and B shown in Fig. 8.43. 
They'“ate-fan i diameter that is oriented perpendicular to the 
directidp of motion of the loop. Since net induced e.m.F. is zero 
there will-be no induced currents in the loop. We can therefore 
cut the loop'along the diameter AB and divide it into two 
semicircular loops without affecting the physics of the problem. 
Each of these loops can in turn be replaced by straight conductors 
oflength2r The induced e.m.f. across each of these conductors 
is firy'and the potential difference across AB is Brv. Note that 
when We travel through the whole circuit, the net induced e.m.f. 
is still zero as the two e.m.f.’s cancel each other. 


2 8 r\’ -± 



ZT 2Djy 


In a similar manner we can show that the potential difference 
between C and D is zero and the potential difference between E 
and F is 2 Br\> sin 0wherc #is the angle between line EF and the 
.direction of motion. 




An angle ZAOB made of a conducting wire 


moves along its bisector through a magnetic field B as 


suggested by Fig. 8.45, Find (hee.m.f, induced between the two 
free ends if the magnetic field is perpendicular to the plane at the 
angle. 

X X X X XX XX 

XXX X^X XXX 

X X X X X X X 

X XX XX XX 

x\a xx x x x x 

X x\ X X X X x 

i \ 

x x x x x x xx 

^ B 

xxxx XX XX 

Fig. 8.45 

Sol. The rod OA is equivalent to a battery of e.m.f. vBl sin 6^2. The 
positive charges of OA shift towards L A i due to the force. The 
positive terminal of the battery appears towards A, Similarly, the 
rod OB is equivalent to a battery of e.m.f. vB£ sin 012 with the 
positive terminal towards O . The equivalent circuit is shown in 
Fig. 8.46. Clearly, the e.m.f. between (he point A and B is 2 BCv 
sin 012. 



Illustration 


$0% A conducting rod of length C slides at 


constant velocity v on two parallel conducting rails, placed in a 
uniform and constant magnetic field B perpendicular to the plane 
of the rails as shown in Fig, 8.47, A resistance R is connected 
between the two ends of the rail. 
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X 
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X 

X 
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r x X 
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Fig. 8.47 


i. Identify the cause which produces change in magnetic flux. 

ii. Identify the direction of current in the loop, 
hi. Determine the e.m.f. induced in the loop. 

iv. Compute the electric power dissipated in the resistor. 

v. Calculate the mechanical power required to pull the rod at £ 
constant velocity. 

Sol. 

i. The change in area produces the chunge in magnetic flux 
(p n -Blx = BN. 




















_ 


Faraday's Uw and Lcnz's Law 8.13 


U, The direction of current in the loop is anticlockwise. As the 
rod moves towards right the number of crosses in the loop 
increases with lime and to oppose the increasing number of 
crosses in the loop the current in Ihe loop must he 
anticlockwise. 

iil. According to Faraday's law* I e \ B(iv t 

dt 

The magnitude of ctmeni is / = “ = 

R R 

iv. The electric power dissipated in the resistor is - i~R 

a z e 2 v 

R 

v. The mechanical power is /^ lcc]l = /\. Kl v. 

The external force is equal and opposite to the Ampere's 
1‘orce F al = - F Mn(K1c . 

The Ampere’s force is given by 

F* mp «c= Jw ? * B 

0J Cl£— 

Now, P mcc] ^(Bff)v. 

Substituting the value of /, wcgel P m otlj =-. 


I^VxkTirjl |~~ j/'a I “ 


■) -> 
irr-v 


R 


The external power needed to move the rod lor constant R is 
P- /'V = - 


//V,. 2 


The power dissipated in resistor is 

p = r-u 


or 


" l R j 


/* = 


tl-ry 
R 


Thus the power input equals the power lost as heat in the 
resistor. 


: Two long parallel horizontal rails, a 

distance d apart and each having a resistance X per unit 
length, arc joined at one end by a resistance /?. A perfectly 
conducting rod MN of mass ni is free to slide along the rails 
without friction (sec Kig. 8.49). There is a uniform magnetic 
Held of induction B normal to the plane of the paper and 
directed into the paper. A variable force V is applied to the 
rod MN such that, as the rod moves, a constant current Hows 
through /?. 


; A rod slides on a U-shaped conductor. If 
the resistance of the circuit at any instant is find the force 
needed to pull the wire with a constant speed v. What external 
power is needed to pul! the rod? 



(2) 

0 

(2) 

_ 

0 

(2) 

0 

(2) 

t 

'0 

0 

0 

0 


0 

<2) 

0 

0 

LJ 

^0 


Fig. 8.48 


Show that the power input equals that dissipated in the 
resistance at any moment. 

Sol. When the rod moves to the right at a speed i\ a clockwise 
current is set up in the circuit. From Lcnz's law we can see that 
the induced current must oppose the increase of flux due to 
motion of die rod. 

Thus (he induced current is anticlockwise so as to produce a 
magnetic field out of the page (right hand thumb rule). The force 
experienced by a currcni carrying wiro in a magnetic Held is 
I £ x B for a constant B. From Fleming's left Ivand rule this force 
resists out effort lo move the rod to the right. 


The induced current is l 


tHv 

R 


The magnetic force is F n — K\B = 


B 2 e-v 

R 


In order lo move (he rod at a constant speed, we must exert a 
force equal in magnitude to F H and directed towards right. 



Fig. 8.49 


i. Kind the velocity of the rod and the applied force F as 
functions of the distance ,r oft he rod from R. 

ii. What fraction of the work done per second by F is 

converted into heal? (IIT-.JKK, I98S) 

Sol. 

i. If the rod has instantaneous velocity rat a distance .v from R * 

the induced e.m.f. “ B\>d> 

Instantaneous resistance of current - R + 2/i.v 

... e B vd , , 

Induced current / =-— =- = constant 

R + 2/i.v R t- 2 A v 


Velocity v- 


(R 

~Biir 


M /'is the force acting on rod, 

/■' - Bid - m — 
dt 


or 


dv dx d \{R' i 2 Ta)/ 

i - Bid - m -= mv — (~- 

dx dt di [ bd 


- /UV 


1M 

Bd 


F= Bid + m 


(R -\ 2T.v) 
B'~d 2 


, > 
r 
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ii. Work down per second = F\> 

Heat produced per second = i 2 (R + 2/lx) 


Required ratio 


i 2 (R + 2Xx) 
Fv 


i 1 (R + 2Ax)Bd 
F(R + 2Ax)i 


iBd 

F 


_ Did _ 

2mX(R + 2Xx)i 2 
B 2 d~ 

_ 1 _ = _ 1 _ 

] ^ 2mA(R+2Ax)i 2 ~ j , 2i>d(R + 2Ax)i 


Rotation of a Conducting Rod in Constant 
Magnetic Field 

Case I: A conducting rod of length £ attached lo a rod of 
insulating material of length L is rotated wilh constant angular 
speed in a plane normal to the uniform magnetic field B, as shown 
in Fig. 8.50(a). The e.m.f. will be induced across the ends of the 
conducting rod. Consider a small elemental length dx of the rod 
at a distance x from the end of the rod as shown in the diagram. 

The e.m.f. across the elemental rod will be £ = j(dx X\>)B 

I c! xx v I = wrdxsinO 



Fig. 8,50 

The e.m.f. induced between centre of the disc and circum¬ 
ference will be 

e- - coBR 2 
2 . 

where R is the radius of the disc. 

Case III: If instead of rod or disc, it had been a ring which is 
rotated about its own axis and the field had been perpendicular to 
its plane as shown in Fig. 8.50(c). 


^ a Y 

<P- Bnr = const, so e = — =0 
dt 


(dx x v)- B = BCD(r$\r\&)dx = Bcoxdx 

-(dR * 2 
2 


£" CoB J xdx - - 0 )B£ 2 


The rod AB may be replaced by a battery of e.m.f. — Bear 
with positive terminal towards A. 


Note: 

A becomes the .positive terminal as positive charges 
accumulate towards A because F = qvxB (or apply 
Fleming’s left hand rule). 


Case II: [f instead of the rod it had been a disc | Fig. 3.50(b)), the 
potential difference between the centre of the disc and a point on 
the rim will be same. As the disc is equivalent lo a large number of 
rods each having its one end at the centre while the other at the rim 
(like spokes in a wheel) and from electrical point of view (he 
situation is equivalent to that of a number of sources of equal e.m.f. 
in parallel. 



(ft) 


Fig. 8.50 (Conui) 


A metal rod 1-5 m long rotates about its 
one end in a vertical plane at right angles to the magnetic 
meridian. If the frequency of rotation is 20 rev s~ l , find the 
e.m.f. induced between the ends of the rod (B u = 0.32 G). 
Sol. When the rod rotates in a vertical plane perpendicular to the 
magnetic meridian, ir will cut horizontal component of earth's 
magnetic field so that 



--_ 

X X X X X X X 

Fig. 8.51 


e = ^ B h £ 2 co— 7 t£ 2 fB H (as 6)=2 Ttf 

Substituting the given data, e = ky. (1.5) 2 x 20 x 0.32 x 10^ 
=4.5 mV 

A w * re is " n ^ orm °f a s<^nkirde o 
radius r. One end is attached to an axis about which is rotate 
with an angular speed co. The axis is normal to the plane o 
the semicircle. The wire is immersed in a uniform magneti 
field B parallel to the axis. Find the induced e.m.f. betweei 
points O and F of the semicircle. 



















Faraday's Law and Law 8.IB 



Fig. 8.52 

Sol- It is given that the magnetic field is uniform. 

Join the end points 0 and P and replace the semicircle by a 
straight rod of length 2 r. 

We now have a straight rod rotating in a uniform magnetic 
field in a plane perpendicular to the magnetic field. 

Therefore, the induced e.m.fi between 0 and P will be 

&«,= Iea)(2r) 2 = W 

From the right hand rule we see that electrons will accumulate 
at end O. Therefore, end P is at a higher potential than O. 


A metal disc of radius R = 25 era rotates 
with a constant angular velocity (0 - 130 rad s _1 about its 
axis, Find the potential difference between the centre and rim 
ofthediscif 


a. the external magnetic field is absent, 

b. the external uniform magnetic field B = 5.0 mT is directed 
perpendicular to the disc. 

Sol. 

a. Centripetal force required for circular motion of electron is 
generated by a radial electric field caused by the 
redistribution of the electrons in the disc. 


F - eE- mrOJ? => 
From dV = - E dr , we have 


E = 


mrco 

e 



V, e 0 

_ _ ma?R 2 _ (9.]x)0~ 3I )(]30) 2 (Q.25) 2 

l_ 2 “ 2« " (2)(l.6xI0“ 19 ) 

= 3.0 x I0 ~ 9 V = 3.0 nV 

V { > V 2 , i.e., potential at centre is more than the potential at 
edge. 

b. A disc may be assumed to be made up of a large number of 
radial, conducting, differential elemenis rotating with angular 
velocity a> about the centre of the disc 0 . Thus, 

^centre “ Kxigc “ ^ &R 0) 

Now, F cenlrc > y cdgc for anticlockwise rotation and V^ &c > 
Ventre for clockwise rotation. 




Fig. 8.53 

Substituting the values, we have 

^ccmrc - V^= ^ x 5.0 x I0- J x 0.25 x 0.25 x 130 
= 0.02 V = 20 mV 


Motional e.rruf. when the Magnetic Field is 
Non-uniform 


In some of the cases motion of a conductor may be in a non- 
uniform magnetic field. Take the following steps while calculating 
motional e.m.f. 

Step 1 : Determine the magnetic field at all points on the rod. 

Step 2: Consider a small element at some distance from one 
end of the rod. 

Step 3: Assuming B to be uniform over this element, calculate 
the potential difference across this element using the procedures 
outlined earlier. 

Step A: Integrate over the entrie rod to calculate the total 
induced e.m.f. 

Let us learn to calculate the induced e.m.f. through the 
illustrations given below. 


A copper rod of length 0.19 m is moving 
with uniform velocity 10 m s " 1 parallel to a long straight wire 
carrying a cum it of 5.0 A. The rod is perpendicular to the 
wire with its ends at distances 0.01 and 0.2 m from it. 
Calculate the e,m.f. induced in the rod. 


Sol. As shown in Fig. 8.54 consider ar. element of length dy at 
a distance y from the wire, then at this position of the element, 
the magnetic field due to the current-carrying wire PQ will be 

fa 21 

B =-into the plane of the paper. 

Ak y 


fa 21 

So, the e.m.f. induced in the clement de-Bvdy- - \>dy 

Am y 


and hence the e.m.f. induced across the ends of the rod due to its 


motion in the field of the wire, 


£= = — 2/vf—, i.c., £- — 2Mog t .f-1 

; Am J y Am \a) 

ft o J 

Substituting the given data with b = (a + £), 

E- I0 “ 7 x 2 x 5 x 10 log = 10 ’ 5 x log., 20 

e 0.01 

= 10“ s x 2.3036 x 1.30)0 = 30 mV 
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8.16 



Note: 

If the rod is moved at a constant velocity with its length 
parallel to the wire as shown in Fig . 8*S4> the e.m.f in 
the rod will depend on its position . 


„ . /7 0 2 h> 7 2x5x10 JV1 

£= Bvt - ~ — e= 10" 7 x - x 0.01 

Alt y y 

.!£% 

y 


Further, Ln accordance with Lenz's law (or Fleming's right 
hand rule) the direction of the induced current in the rod in both 
the cases is from B\.oA with A being at higher potential. 


An infinite wire carries a current /. An 
‘S 5 - shaped conducting rod of two semicircles each of radius r is 
placed at an angle Bio the wire. The centre of the conductor 
is at a distance d from the wire. If the rod translates parallel 
to the wire with a velocity v as shown in Fig. 8,55, calculate the 
e,mX induced across the ends OB of the rod. 


( 8 ) 



0 


0 


Fig. 8.55 


Sol. Join the end point O and B and replace the two semicircles by 
a straight rod of length Ar (Fig. 8.56 (a)]- 

The effective rod is not perpendicular to thc,di reel ion of motion. 
Projecting the rod onto a plane perpendicular to its direction of 
motion we find the effective length of the conductors is Ar cos B 
[Fig. 8.56(b)]. 

We now have a rod of effective length Ar sin ^translating in a 
non-uniform magnetic field. Consider a small element of the wire 
of length dr located at a distance r from the wire. The magnetic 

field at this element isB= (Fig. 8.56(c)]. 

2 nr 


dr 

<c) 


Fig. 8.56 


MqI 


The potential difference across this element is dV - —— v dr. 

2ftr 

The potential difference across the ends of the rod can be 
calculated by integrating over the whole end. Therefore, 


d+lrcQ&O 


V=\dV= j 


d -2/-OOS0 


(hi 

2 Ttr 


v dr 


or 


V= 


_ /V ln p / + 2rCQS ^ 1 


2nr 


-2 r cos#J 

From the right hand rule we see that electrons will accumulate 
at end B. Therefore, end 0 is at a higher potential than B . 


Concept Application Exercise 8.2 


1. Fig. 8.57 shows a long current-carrying wire and two 
rectangular loops moving-with velocity v. Find the direction 
of current in each loop. 


0) 

Cb" 


<i0 


Fig. 8.57 

2. A rod of length l is moving with velocity v in magnetic field B 
as seen in the diagram. Find thee.m.f. induced in all three cases. 

t* 


i tr 

■ V 

--*■ ft 



<i> 00 (>i>) 

3. Fig. 8.58 shows a closed coil ABCA moving in a uniform 
magnetic field B with a velocity v. 

Find (i) e.m.f. induced in the coil. 

(ii) e.m.f. induced in curve part ACB and straight part 

AB as / X B 
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C 




Fig. 8.63 


v 


4. Fig. 8.59 shows an irregular shaped wire AB moving with 
velocity v, as shown. Find the e.m.f. induced in the wire. 

v 



5. A circular coil of radius R is moving in a magnetic field B 
with a velocity v as shown in Fig. 8.60. Find the e.m.f. across 
the diametrically opposite points A and 


f, 



Fig. 8.60 


6 . Find the e.m.f. across the points P and Q which arc 
diametrically opposite points of a semicircular closed loop 
moving in a magnetic field as shown in Fig. 8.61. Also draw 
the electrical equivalent circuit of each branch. 



7. Find the e.m.f. across the points P and Q .which arc 
diametrically opposite points of a semicircular closed loop 
moving m a magnetic field as shown in Fig. 8.62. Also draw 
the electrical equivalence of each branch. 


v 



8 . Fig. 8.63 shows a rectangular loop moving in a uniform 
magnetic field. Show the electrical equivalence of each 
branch. 


9. Fig. 8.64 shows a rod of length £ and resistance r moving 
on two rails shorted by a resistance R. A uniform magnetic 
fields is present normal to the plane of rod and rails. Show 
the electrical equivalence of each branch. 


Moving 

rod 




Fixed conducting 
thick mils 

Fig. 8.64 


10. A rod of length £ is kept parallel to a long wire carrying 
constant current /. It is moving away from the wire with a 
velocity v. Find the e.m.f. induced in the wire when its 
distance from the long wire is a\ 

11. A rectangular loop, as shown in Fig. 8.65, moves away from 
an infinitely long wire carrying a current i. Find the e.m.f. 
induced in the rectangular loop. 


40 ’ 



Fig. 8.65 

12. A rod of length t is placed perpendicular to a long wire 
carrying current ;. The rod is moved parallel to the wire 
with a velocity v. Find the e.m.f. induced in the rod, if ils 
nearest end is at a distance l a’ from the wire. 



Fig. 8.66 


13. A rectangular loop is moving parallel to a long wire carrying 
current i with a velocity v. Find ihc e.m.f. induced in ihe loop, 
if its nearest end is at a distance V from the wire. Draw 
equivalent electrical diagram. 

14. A rod PQ of length 2£ is rotating about one end A in a 
uniform magnetic field B which is perpendicular to the 
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plane of rotation of the rod. Point M Is the mid-point of 
the rod. Find the induced e.mX between M and Q if lhai 
between F and Q is 100 V. 

(££) B - uniform 
P ^ iw 


2t 

Fig. 8.67 

15. A rod PQ of length 2t is rotating about its mid-point C in a 
uniform magnetic field B which is perpendicular to the 
plane of rotation of the rod. Find the induced e.m.f. between 
PQ and FC. Draw the circuit diagram of parts PC and CQ. 





■<---- 

2 1 


Fig. 8.68 

16. A rod of length L and resistance r rotates about one end as 
shown in Fig. 8.69. Its other end touches a conducting ring 
of negligible resistance. A resistance R is connected 
between the centre and periphery. Draw the electrical 
equivalence and find the current in resistance R. There is a 
uniform magnetic field B directed as shown in Fig. 8.69. 



17. Solve problem 16 if the length of rod is 2 L and resistance 2r 
and it is rotating about its centre. Both ends of the rod now 
touch the conducting ring. 


£ 



Fig. 8.70 


18. A rod of length ( is rotating with an angular speed o?about 
one of its ends which is at a distance V from an infinitely 
long wire carrying current /. Find the e.m.f. induced in the 
rod at the instant shown in Fig. 8.71. 


(O 



Fig. 8.71 

19. A rod of length^ is rotating with an angular speed m about 
one of its ends which is at a distance l a from an infinitely 
long wire carrying current i. Find the e.m.f induced in the 
rod at the instant shown in Fig. 8.72. 



Fig. 8.72 

20. A rod PQ of mass m and resistance r is moving on two 
fixed, resistanceless, smooth conducting rails (closed on 
both sides by resistances and F 2 ). Find the current in the 
rod at the instant its velocity is v. 

P 

v\ 



Q 

Fig. 8.73 

21. A rod PQof length £ is rotating about end F, with an angular 
velocity a). Due to centrifugal forces the free electrons in 
the rod move towards the end Q and an e.m.f. is created. 
Find the induced e.m.f. 

}-e 

Fig. 8.74 

22. A ring rotates with angular velocity Co about an axis 
perpendicular to the plane of the ring passing through the 
center of the ring. A constant magnetic field B exists 
parallel to the axis. Find the e.m.f. induced in the ring. Flux 
passing through the ring BA is constant here, therefore 
e.m.f. induced in the coil is zero. Every point of this ring is 
at the same potential, by symmetry. 
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Fig. 8.75 

23. A ring rotates with angular velocity about an axis in the 
plane of the ring which passes through the center of the 
ring. A constant magnetic field B exists perpendicular to 
the plane of the ring. Find the e.m.f. induced in the ring as 
a function of time. 



24. In Fig. 8.77, a conducting rod of length L - 30.0 cm moves in 

a magnetic field B of magnitude 0.450 T directed 
into the plane of the figure. The rod moves with speed 
v = 5.00 ms” 1 in the direction shown. 

xxxxxxxxx 

H- L -H 


a 

x 


XXX 

XXX 


/ 


B 

XXX 1 

f X X X 


x 

• b 

x 


Fig. 8.77 

a. What is motional e.m.f. induced in the rod? 

b. What Is the potential difference between the ends of 
the rod? 

c. Which point, a or b, is at higher potential? 

& When the charges in the rod are in equilibrium, what are 
the magnitude and direction of the electric field within 
the rod? 

e. When the charges in the rod are in equilibrium, which 
point, a or b y has an excess of positive charge? 

25. The cube shown in Fig. 8.78, 50.0 cm on a side, is in a 
uniform magnetic field of 0.120 T, directed along the 
positive y-axis. Wires A , C and D move in the directions 
indicated, each with a speed of 0.350 ms -1 . (Wire A moves 
parallel to the xy plane, C moves at an angle of 45.0° below 
the xy plane, and D moves parallel to the xz plane.) What is 
the potential difference between the ends of each udre? 



Fig. 8.78 

26. A rod of mass m. length t and resistance R is sliding down 
on a smooth inclined parallel rails with a constant velocity 
v. If a uniform horizontal magnetic field B exists, then find 
the value of B. 



27. A conducting rod AC of length At is rotated about a point 

O in a uniform magnetic field B directed into the plane of 
the paper. AO = t and OC = 3 1. Find V A - V c . 


B 

x 


A 

X 


Fig. 8.80 

28, Consider the sliding wire circuit shown in Fig. 8.81. The 
wire slides at constant speed and the plane of the circuit is 
perpendicular to a uniform magnetic field. Show that the 
induced e.m.f. is given by E-BhP'iiD forO <r <D/v. What 
is the expression for the e.m.f. for r > DM 
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INDUCED ELECTRIC FIELD AND INDUCTANCE 

Induced Electric Field: Induced e.m.f. in a 
Stationary Conductor 

According to Faraday’s law, it is the relative motion between the 
loop and the magnet which produces the induced e.m.f.; it does 
not matter whether the loop moves towards the magnet or the 
magnet moves towards the loop. When the loop moves towards 
the magnet, it is the magnetic force which drives the charge to 
flow. But, what causes the induced current in a stationary loop 
when magnet moves towards it? A magnetic field cannot exert a 
force on a stationary conductor produced by the varying magnetic 
flux. Whenever a magnetic field is varying with time, an induced 
electric field E is produced in any closed path, whether in matter 
or in empty space. 



The induced electric field is different from the electrostatic 
field or the Coulomb field. 

• Unlike electrostatic field the lines of induced field form 
closed loops. It is also called a circuital field or vortex field. 

• It is not a conservative field* he., (j) Edi * 0. 

• The line integral of the electrostatic field between any two 
points is the potential difference while the line integral of 
the induced electric field between any two points is the 
electromotive force. 



Fig. 8.82 


Fig. 8.82(a) shows the windings of a long solenoid carrying a 
current / that is increasing at a rate of dlldt. The magnetic flux in 
the solenoid is increasing at a rate of !dt> and this changing 
flux passes through a wire loop. An e.m.f. £= — dQ> B fdt is induced 
in loop, inducing a current V that is measured by the 
galvanometer G. Fig. 8.82(b) shows the cross-sectional view. 

Note: 

There are two basic mechanisms of induced e jn.fi generation. 

1. The first one involves the motion of a conductor relative 
to magnetic field lines, called the motional e.mf 

2. The second, one involves the generation of an electric 
field associated with a time-varying magnetic field . 
In the modified form , Fraday*s law may be stated as: 

e=f(vxB)-dt-A~ 


Time-varying Magnetic Field 


Consider a conducting loop of area A’ in a uniform but time- 
varying magnetic field. Rate of change of magnitude of magnetic 


dB 

field = — for the loop, flux linked with it = BA - tp( say) (take 
dt 

area vector directed along 5). 

dB 

Hence, rate of change of flux 0 is >4— and hence induced 

dt . 

e a dB 
dt 



For non-zero values of -—-, there could be a definite current in 
dt 

L>op, whose direction can be obtained using Lenz’s rule. For 
dB 

example, if — >0, i.e., B is increasing with time, magnetic field 
dt 

produced by the induced current would oppose the existing 
magnetic field. Hence, the induced current would be anticlock¬ 
wise. 

The current in the loop can be easily known if the resistance of 
the loop is known as / = £IR. 

^ In the case of motional e.m.f., you learnt that the electric field 
caused due to drifting of electrons is responsible for the induced 
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e.m.f. Do we also have an electric field in the present case which is 
linked with the induced e.m.f.? The answer is partly ‘Yes* and 
partly ‘No*. 

Yes, as there is a definite field and the electric field that you 
know. The electric field that you learnl in electrostatics is 
conservative and the associated lines of force never form closed 
loops. 

On the other hand, the field associated with the induced e.m.f. 
in case of time-varying magnetic field is non-conservative as then 

only we would have non-zero value for (£ E n dl. Here E it denotes 


the induced field caused by the time-varying magnetic field. 


For the path described by the loop, £ 


induced ‘ 


dt 7 ” 


dl, 


Consider a magnetic field where B (magnitude of the magnetic 
field) is a function of r(r<R), the distance of the point from O as 
shown in Fig. 8.84. For the circular path shown in the figure, 


For r > R> 



E -- L 2 


dB 


dt 


E„ Kr - 7rR 2 


dB 


dt 




/r 

2r 


[From symmetry, E„ can be considered to be of the magnitude 
of energy and on the circular path is directed tangentially.] 

Direction of E n can be easily obtained as it would be 
responsible for the induced current when a conducting loop is 
placed on the given path. For example, in the present case, for 

— > 0, path is in anticlockwise sense. 
dt 


A thin non-conducting ring of mass m 
carrying a charge q can freely rotate about it s axis. At the 
initial moment the ring was at rest and no magnetic field was 
present. Then a uniform magnetic field was switched on, 
which was perpendicular to the plane of the ring and increased 

dB 

with time according to a certain law: — = k . 

Find the angular velocity a) of the ring as a function of k . 


Sol. 


1 dB 
E = -R — 

2 dt 



x 

X 

x 

X 

X 

X 


dF- Edq = -R 


dB\ 
v dt) 


Now, 


Vq 

r- \nH q 
la= ^R 2 kq 


dq ==> dr- RdF 


T= - R 2 kq 
2 


mR 2 a - ^R 2 kq 


kq 

a= — 
2m 


kq 

2m* 


A thin non-conducting ring of mass m 
carrying a charge q can rotate freely about its axis. At t = 0, 
the ring was at rest and no magnetic field was present. Then 
suddenly a magnetic field B was set perpendicular to the 
plane. 

Find the angular velocity acquired by the ring. 

Sol. Due to the sudden charge in flux an electric field is set up 
and the ring experiences an impulsive torque and suddenly 
acquires an angular velocity. 

2 dt 
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Force experienced by an element of ring dF = dqE 
Torque experience by ring / = qEr 


_ r dB 

T- qE- q - r 

2 dt 

angular impulse experience 


, r , qr 2 r dB qr 2 

L- rdl - - —dt =-—B 

J 2 J dt 2 


L— A! CO- 1(0- 


2 W 
>mrco= — 


2m 


A non-conducting ring of mass m and 
radius R has charge Q uniformaly distribute over its 
circumference. The ring is placed on a rough horizontal surface 
such that the plane of the ring is parallel to the surface. A vertical 
magnetic field B = B 0 t 2 tesla is switched on. After 
2 s from switching on the magnetic field, the ring is just about to 
rotate about vertical axis through its centre, 
a. Find friction co efficients bet ween the ring and the surface. 

If magnetic field is switched off after A then find 
h the angular velocity of the ring just a/>cr switching off the 
magnetic field, 

c. the angle rotated by the ring before coming to rest after 
switching off the magnetic field. 

Sol. 

a. E= =>IEI = fl 0 tf/ 

2 dt 

Force on ihe ringF* QE = B 0 QRt .This force is tangential to 
the ring. The ring starts rotating when torque of this force is 
greater than the torque due to maximum friction (f mit = //mg). 
r r^ t FR>jj>ngR^F>{tmg 



X 

X 

X 

X 

X 

X 


Hence, 


B 0 Q R t 

mg 


Given, 


/ = 2s 


m _ 2 B qQR 

mg 


b. After 2 s 

Net torque T= t F - T /mtt . = B 0 QR 2 i- pngR 

= B 0 QR 2 !mgR 
mg 

=> r= B 0 QR 2 (i - 2) => la=B 0 QR\t- 2) 


mR l 


dl) 


da>= 


B a QR\t-l) 


Bp Q£ 

mR 2 

B oQ f \ 
m 




f da}= r (/ -2 )dt 
J o m h 

2B 0 Q 


co¬ 


if magnetic field is switched off after 4 s, only force present is 
frictional force which will retard the motion. 

Retarding torque r= ^, ion 

Angularrelnidation(X. =>*= &!!* m J!2L = ££ 

/ mR 2 R R 

Using co 2 = Ct? o +2a0=* 0= 


_ofM? JL 

m ) pg 


6=2 


A line charge / is wound around an 
insulating disc of mass M and radius R, which is then 
suspended horizontally as shown in Fig. 8.88, so that it is free to 
rotate. In the central region, of radius a> there is a uniform 
magnetic field pointing up. Now the magnetic field is 
switched ofT, which causes the disc to rotate. 

Find the angular speed with which the disc starts rotating. 



Sol. The induced electric field £due to changing magnetic field is 
given by (from Faraday *s law) 

j>£-d~(= = - K i? — 

7 dt dt 


=> E-lnR- -no 1 — 
dt 


-a 2 dB 
2 R dt 


































Faraday's Law and LenA Law 8*23 


Hence, induced electric field is tangential to the disc as shown 

a 2 dB 

in Fig. 8.86 and its magnitude is E - -. 

2 R dt 

This electric field causes the disc to rotate. Now torque on the 

disc is r= (XLkR) ER - ttXa 2 R —, 

dt 

If mi s the angular speed of the disc, then 


T= 


dL 

dt 


. lo dB dL 
TAa R — - — 


dt 


dt 

/ 


rZa 2 R(B 0 -Q) = 


MR 


(where L is the angular momentum) 


\ 

/ 




2ft Xa 2 B 0 
MR 


MUTUAL INDUCTANCE 

Consider Fig. 8.89 that shows two long co-axial solenoids each of 
length L We denote the radius of the inner solenoid 
5| by and the number of turns per unit length by n,. The 
corresponding quantities for the outer solenoid S 2 are r 2 and n 2 , 
respectively. 



Fig. 8.89 

We pass time-varying current 1 2 through S 2 ■ This sets up a Lime- 
varying magnetic flux through S { which we designate by O,. The 
mutual inductance is the constant of proportionality given by 

®t=A/ l2 / 2 (i) 

is called the mutual inductance of circuit l with respect to 
the current 2 sometimes also referred to as the coefficient of 
mutual induction. 

From Faraday’s law, the induced e.m.fi in S { is 


d< D ( dl 2 

£\ —-— Ml 1 2 — ~ 

1 di 12 dt 


(ii) 


We now consider the reverse case. A time-varying current 7 1 is 
passed through the solenoid S { and the associated flux through 
S 2 IS ^2 = ^7 | f | ■ 

Af 2 | is called the mutual inductance of the circuit 2 with respect 
to the current 1. 

From Faraday’s law, the induced e.m.f. in S 2 is 


%= - 


d<& 


^=M 1X J± 

dt 21 dt 


It can be shown that M 2[ = M !2 (reciprocity theorem). Note 
that M is a purely geometrical quantity, depending only on the 


size, number of turns, relative position and relative orientation 
of the two coils. The S.I. unit of mutual inductance is called henry (H). 


The figure shows the concentric coplanar 
circular loops A and B of radii r and respectively. Current/ 

flows in the loop A. Find the magnetic flux through the loop 
assuming r c R. Also determine the coefficient of mutual 
induction. 

Sol. Since the magnetic field is not uniform 
over the big loop B y therefore, the direct 
calculation of the flux through this loop is not 
possible. The reciprocity theorem greatly 
simplifies the problem. According to this 
theorem, if the same current 1 passes through the loop £, then the 
flux through the loop A may be easily obtained. 

uJ 

Now, magnetic field at the centre of the loop A is B - — and 

2 R 

2 1 

the magnetic flux through the loop A is <j> A = B(pp-) = — 

2 B 

( v r«R). 



According to the reciprocity theorem, = < 

coefficient of mutual induction is given by 

2 


M- = 
/ 


Ao nr* 
2 R 


According to the reciprocity theorem, <p A = < 
coefficient of mutual induction is given by 

<p b _ w 2 


2 B 


2 R 


.The 


.The 


M= nL = 

1 


2R 



A small square loop of wire of side / is 


placed inside a large square loop of wire of side L (»/). The loops 
are coplaner and their centers coincide. What is the mutual 
inductance of the system? 


Sol. Considering the larger loop to be made up of four rods each 
of length L y the field at the centre, i.e., at a distance LI 2 from each 
rod, will be 



L 


Fig. 8.90 
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B — 4x-^-[sina-t-sin^] 

4 ltd 

N,<b u 

M- " =- (mutual inductance) 

CO 

i.e., 

B= 4x——-2sin45° 

4^(L/2) 

i\ ii 

we define the self-inductance L of the circuit as 


i.e., 


NQ>a 

L- —(selfinductance) 

r 

(ii) 


1 4 nL 

/ 



So the flux linked with the smaller loop is 

t =Bl s 7 =! J ^ et 


Hence, 


4 kL 

M= = 

l 4nl 


What is the mutual inductance of a system 
of co-axial cables carrying current In opposite directions as shown 
in Fig. JL91. Their radii area and b> respectively. 

Soh The l B' between the space of the cables is B = p 0 !f2/rr. 

The Ampere's lawiells that B outside the cables is zero, as the net 
current through the Amperian loop would be zero, 

i 



Taking an element of length l and thickness dr , dp through it is 

dp= Idr = 

1 Inr 


2n ^ ^ rr n 


In 


L= 


5 = 


SELF-INDUCTANCE 

When current is present in a circuit, it sets up a magnetic field that 
causes a magnetic flux through the same circuit; this flux changes 
when the current changes. Thus any circuit that carries a varying 
current has an e.m.f induced in it by the variation in its own magnetic 
field. Such an e.m.f. is called a self-induced c.m.f. By Lenz's Law, aseJf 
induced e.m.f. always opposes the change in the current that causes 
the e.m.f. and so tends to make it more difficult for variations in the 
current to occur. For this reason, self induced e.m.f s can be of great 
importance whenever there is varying current. 

Self-induced e.m.fs can occur in any circuit, since there is 
always some magnetic flux through the closed loop of a current- 
carrying circuit. But die effect is greatly enhanced if the circuit 
includes a coil with N turns of wire (as shown in Fig. 8.92). As 
d result of the current /, there is an average magnetic flux 
through each turn of the coil. In analogy to equation 



To avoid any confusion with mutual inductance, the self- 
inductance is called simply called the inductance. Comparing 
equations (i) and (ii), we see that the unit of self inductance is 
the same as that of mutual inductance; the S.I. unit of self- 
inductance is one hent 7 - 

If the current i in the circuit changes, so does the flux d> 5 ; on 
rearranging equation (ii) and taking the derivative with respect to 

dQn di 

time, the rate of change is related by N -= L — 

di dt 

From Faraday’s law for a coil with N turns, the self induced 

r ■ Nd ®B 

e.m.f is s = -—, so it follows that 

dt 


e= -L — (self induced e.m.f.) (iii) 

dt 

The minus sign in the equation is a reflection of Lenz’s law; it 
says that the self-induced e.m.f in a circuit opposes any change 
jn the current in that circuit. 

Equation (iii) also states that the self inductance of a circuit is 
the magnitude of the self-induced e.m.f. per unit rate of change 
of current. This relationship makes it possible to measure an 
unknown self inductance in a relatively simple way: Change the 
current in the circuit at a known rate diidt y measure the induced 
e.m.f. and take the ratio to determine L. 

A circuit device that is designed to have a particular 
inductance is called an inductor. The usual circuit symbol for an 
inductor is TnflnnflT- 

In the previous section, wc have discussed the flux in one 
solenoid due to the current in the other. Consider the general case 
of current flowing simultaneously in two nearby coils. The flux 
linked with one coil will be due to the sum of two fluxes which 
exist independently. The law of superposition applies to magnetic 
fields. For example, equation (i) would generalize to, d>, =L U /, 

+ m [ 2 i 2 . 


Therefore, using Faraday’s law, —^-~M [2 

dt 


dl± 

dt 
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Note; 


In case of series grouping of two inductors, if mutual 
inductance is also taken into account, then L v + L 2 
± 2M as shown in Fig . 8.93: 

L\ M U 


L « L x + Lx + 2 M 


Currcni in the two coils is 
in the same direction 

(a) 


r^WSWS 


r^ronnnpJ 


L = L> + L t -2M 

Currcni In Ihc two coils is 
in opjKttilc direction 

(b) 


Fig* 8.93 


APPLICATION OF THE KIRCH HOFF'S LAW 

Suppose a current passes through an inductor from left to right 
and increases with time. From Lenz’s law, the induced e.m.f. must 
oppose the change in the magnetic flux. The induced e.m.f. 
opposes the increasing flux by acting like a source of e.m.f. that 
opposes the external source of e.m.f, driving the current (as shown 
in Fig. 8.92), So we treat an inductor as a common circuit element 
labelled with polarity (+) and (-) marked according to Lenz’s law. 

V = Ldl/di 

«-1 


i 

Increasing 


•— 



Polarity developed 
due (o induced e.m.f. 


V - Ld!/dt 


t 


Decreasing 


•-WWP- * 

+ ■ 



Polarity developed 
due lo induced e.m.f. 


Ffg. 8*94 


If the currcni is decreasing, then by Lenzs law the induced 
e.mX acts to help the decreasing flux. The inductor acts like a 
source of e.m.f. reinforcing the external e.m.f. driving the current. 
The induced e.m.f. acts to increase I (Fig. 8.94). 

Thus wc can consider an inductor as a battery whose polarity 
is decided according to Lenz's law. 


SERIES AND PARALLEL COMBINATION OF 
INDUCTORS 

Series Combination 


Fig. 8.95(a) shows a collection of inductors in series, all of them 
will huve same current through them. 

. K, Vy Kj 


^nnr^ 

4 


L> 

(a) 


Li 


B 




. o>) 

Fig. 8.95 

For each inductor, we have 

v '‘ L '7r v >- L '7r v ^ L ‘7, 

We replace the series with a single equivalent inductance L ^ 
with the same potential difference V between the terminals A 
and D y as shown in Fig. 8.95(b). 

v-u- 

^dt 

The potential difference V is the sum of potential differences. 


l/= v, + v 2 +v 3 

. di di . di . 

^ dt M dt ^ dt J - 

4q = 4 + 4 + 4 


; <M_ 
dt 


Parallel Combination 

When the circuit elements are in parallel, the potential difference 
across each circuit element is same. 




Fig. 8*96 

Thus for each inductor we have 

dh dU dU 

v= 4 —, v = 4 —v = l—^- 

M dt ^ dt ^ dt 


(i) 


If we replace the combination with a single equivalent 
inductoi L cq> we get 
































8.26 Physics for [IT-JEE: Electricity and Magnetism 




dr 

From KirchhofTPs current law (KCL), we get 1 = I x + J 2 + / 3 . 
Differentiating this equation with respect to /, we get 


<ii) 


dt 


dl | ^; 2 <// 3 

— L + —+ — 
c/; <// c/; 


dt dt dt dt 

On substituting derivatives from equations (i) and (ii) 
equation (iii), we have 


(Lii 


v\_ v_ v_ v_ 

h. 


— =-b-1- (inductors in parallel) 

A 


Illustration &25 


The equivalent inductance of two inductors 


is 2.4 H when connected in parallel and 10 H when connected In 
series. What is the value of inductance of the individual inductors? 
Sol. As inductances obey laws similar to the ‘grouping of 
resistances*, 


L 1 + L 2 = lOHand -^_ = 2.4H 
^ +L 2 


Substituting the value of (L, + Lj) from first expression into 
second, L,L 2 = (2-4) (L y ■+ L 2 ) = 2.4 x 10 = 24 

so that (L, -Z^) 2 = (L { + L^) 2 - 4 L x L 2 y \^ % L i -L 1 = 2H 
and as L y +Z^= 10H,so L x = 6HandL2 = 4 H, 


What will happen to the inductance of a 

solenoid 

a. when the number of turns and the length are doubled 
keeping the area of cross section same? 

b, when the air inside the solenoid is replaced by iron of 
relative permeability/;,.? 

Sol. Tn case of a solenoid as B - jJf/iLf - B(nfA) = and 

0 N 1 

hence L = y =// 0 n IA = ju 0 ~A . 

a. When N and l are doubled, V - 

, (2N) 2 N 2 

L'= p 0 [ -^-A = 2p 0 — A = 2L 

he, inductance of the solenoid will be doubled. 

b. When air is replaced by iron, // 0 will change to jj y so that L' 

0 U U 

- tm IA and hence, — = — = fi r 

L* A) 

Le„ L! - jj,L 

So, the inductance will become// f times of its initial value. 

Essnmfl In Fig. 8.97 (a) coil 1 and coil 2 are wound 
on a long cylindrical insulator. The ends A" and 5 are Joined 
together and current / is passed. The self-inductance of the two 
coils are L { and L 2 their mutual inductance is 


Coin Coil 2 



Fig. 8.97 


a Show that this combination can be replaced by a single coil 
of equivalent inductance given by =L t 
b. How could the coils be reconnected by yielding an 
equivalent inductance of L cq = L, + b 2 - 2M . 

Sol. 

a. When the terminals A ' and B are connected, the sense of 
current in both the coils is same. Let the cunent be changing 
at the rate of dildt. The magnetic fields of both coil 1 and coil 
2 point towards left. When the current increases both fields 
increase and both changes in flux contribute e.m.f. s in the 
same direction. Thus the induced e.m.f. in coil l is 

(i) 

dt 



Fig. 8.97 

Similarly, the magnetic field in coil 2 due to it and field due to 
coil 1 point towards left. The two induced e.m.f. s are again in 
the same direction. 


£ 2 = 

at 

Hence, the total e.m.f. across both coils is 


© 


di 

E— E\ + E 2 ~— (L\ + Li + 2M) — 

dt 


(iii) 


If these colls were replaced by a single coil, then we have 


E= 



On comparing equations (iii) and (iv), we have 


Civ) 


= L y + L2 + 2M 

b, When the terminals A and B arc connected, the sense of the 
flow of current in coil 1 is opposite to that in coil 2. Then at 
the site of coil l the field produced by coil 2 is opposite to the 
field produced by coil 1 itself. An increasing current in coil 1 
tends to increase the flux in that coil but an increasing current 
in coil 2 tends to decrease it, The e.m.f. across coil 1 is 


£,= -m-M)— 

dt 
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Similarly, e.m.f. across coil 2is£ 2 = ~(^ 2 ”^)— 

dt 

The total e.m.f. E=E l +E 2 =-(L l +L 2 -2M)~- 


Thus, L ^ = (L { + L2-2M) 

COMBINATION OF INDUCTORS WITH 
RESISTORS 


inductor. This causes an induction of e.m.f. in the inductor. The 
induced e.m.f. opposes the growth of current in the circuit. Let at 
any time /, the current in the circuit be 


-WW 

R 



An LR circuit is analyzed in three states: 

• Initial state, i.e., just after closing the switch or just after 
opening the switch. 

• Transient state or instantaneous state, i.e., any time after 
closing or opening the switch. 

• Steady state, i.e., a long time after closing or opening the 
switch. In this state, current in the inductor does not vary 

dl A 

with time, i.e., — = 0. 

dt 


Initial State 

At r = 0, the current tends to increase very rapidly, therefore 
opposition produced by the inductor is infinite. Hence, no current 
flows through the circuit at the instant of closing the switch. The 
entire voltage is dropped across the inductor and no voltage is 
dropped across the resistor. 

j.e., v L = £| v R = 0 at / - 0 

-nmp-^AAA— 

L R 



Fig. 8.98 

Steady State 

At / = «, the current has risen to its maximum value, and the 
inductor does not produce any opposition. No voltage is dropped 
across the inductor, the entire voltage is dropped across the 
resistor. 

i.e., v L = 0; = £ at t = 

Transient State 

At any instant (0 < / < «>), both inductor and resistor share the 
total applied voltage. Let i be the instantaneous current in the 
circuit as shown in Fig. 8.98. 

Rise of Current 

A series combination of an inductor L and a resistor R is 
connected across a cell of e.m.f. £ through a switch S as shown in 
Fig. 8.99. When switch is closed, current starts increasing in the 


Fig. 8.99 

From loop rule, we obtain 
AL 

£= L — -+I.R 
dt 1 

dl, 

=> £—l,R= b — 

' dt 

=> —j'dl= —-y-r 

iJ o Jo e-l'R 

t__ In [e- 7,7?] 

b~ -R 

tR e-l.R 

=» -y= In- 

L £ 




f _tR > 
1 — e L 


Here, 1 { represents the instantaneous current in the circuit. 


Anax 



ol 7 


(a) Current in the 
circuit increases 
with time 



6\ T 

(b) Voltage across the 
Inductor decreases 
with time 



(c) Voltage across the 
resistor increases 
with time 


Fig. 8.100 


Note: 

£ 

1. Final current in the circuit = —, which is independent 
ofL 
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2. After one time constant , current in the circuit = 63% of 
the final current (verify yourself), 

3 . More time constant in the circuit implies slower rate of 
change of current . 

4. If there is any change in the circuit containing inductor ; 
then there is no instantaneous effect on the flux of 
inductor ; L x i x =Z^/ 2 ‘ 


Decay of Current 

In this case, source of e.m.f. is disconnected from the circuit 
(Fig. 8.101). 


-Ldl } 

dt 


-I,R 


= 0 


['■£l = f 
% 1, L Jo 


-til 

=* 1 ,= V L 

(UR) is called time constant as its dimension is same as that of 
time. 


±/ TSnr^—'-AAA/V 

R 



Fig. 8.101 



Variation of electric 
current with time 


Note: 

1ft = 6, the current in the circuit is —. The current in the 

n 

circuit in steady state will be again / 0 . So it will decrease 

exponentially from “ to i^. From the Ut graph f the 
n 

equation can be formed without doing any calculation . 





The network shown in Fig. 8.103 is a part 
of a complete circuit. What is the potential difference 
V B - V A> when the current / is 5 A and is decreasing at a rate of 
10 3 A/s? 


lO 15V 5mH 

WvV^h 

A 1 1 B 

Fig. 8.103 


Sol. In accordance with the law of potential distribution, for the 

dl 

given network, V A -IR + E-— L=V B . 

And here / is decreasing (i.e,, dl/di is negative). 
V b ~V a =-5x 1 + 15-5X I0- 3 (-10 3 ) 

V b ~V a =-5+ 15 + 5= 15V 



In an LR circuit as shown in Fig. 8.104, 


when the switch is closed how much time will it take for the 
current to grow to a value (where r) < 1). 

-nmp— v\aa— 



Fig. 8.104 


Sol. We know that i = — (l - e~ tIr ) 
R 


or 

or 


£ 

I = T 7 — 

7 R 

/?— = - (1 
R R 

- i _ n 


t- x In 




1 ^ 


1 _ V 


(given) 



decreases with lime inductor decreases with 


time 



Voltage drop across (he 
resistor decreases with 
lime 


Fig. 8.105 
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In the circuit shown in Fig. 8.106, the 


initial current through the inductor at t = 0 is / 0 . After a time 


t = —, the switch is quickly shifted to the position 2. 


——VW\n 




Fig. 8.106 

a Plot a graph showing the variation of current with time. 


b. Caiculate the value of current in the inductor at/ =-. 

2 R 

Sol. 

a. Shifting the position of switch increases the resistance of 
the circuit. This decreases the value of time constant. 
Consequently, the rate of decrease of current increases. The 
variation of current with time is shown in Pig. 8.107. 
h The equations of the curves are i = (For 0 < t < RIL) 



3 L -H “— 

at / =-; hence /= (0.37) I 0 e L ^ 2U or / = (0.37) 2 / 0 . 

2 R 



During the decay of current in an LR 


circuit, if the current d falls to rj times the initial value in a 
time T, then determine the value of time constant. 

Sol. We know that i = L v . x e~* n 
AL t= 7, / “ ^Aiiax 


*4 


m:ix Anax 


-t/T 


or 


e " T = r]\ 


T- 


l 

In I ~ L I 

n 




Fig. 8.108 shows an LR circuit. 


a Immediately after dosing the switch, determine 

i. the current in the resistor; 

ii. the current in the inductor; 

iii. the potential difference across the resistor; 

iv. the potential difference across the inductor. 




Fig. 8.108 


b. Determine some quantities a long time after closing the 
switch, that is, after many time constants (for / -»«>). 

c. Show explicitly that the Kirchhoff’s voltage law (KVL) is 
satisfied in the circuit at any time /. 

d. Write the expression for potential difference across the 
resistor and inductor as functions of time, and plot the 
graphs of the potential difference across the resistor and 
inductor as functions of time. 

Sol. 


a. 


For a scries RL circuit, the current through the inductor, the 

equation is given by /(/) = — [\-e at/L)! ] (i) 

R 


I 

At initial state/ = 0, = l. Hence,/(0) = 0. 

The current through the inductor and resistor is zero. The 
potential difference across resistance V R - 1(0) R = 0, as no 
current flows in the circuit at t = 0. Hence, potential difference 
across inductor will bee.m.f. of the battery V L -20 V. 

The eon.f. across inductor E L = - is positive because 

the slope dlldt of the graph is always negative. The positive 

e.m.f. is generated in accordance with the Lcnz*s law; the flux 
is decreasing; the e.m.f must oppose this decrease of flux. 


dl E -( R !L)f 


b. As— — —e 
dl L 


(it) 


after long time (at I = <*>)> e' {UlL)o *=0 => — = 0. 

dl 

The current is no longer changing with time: hence, Lhe 
potential difference across the inducLor is zero. 

The current through the inductor is constant, from equation (i), 


_ E - 20 
R 1.0x1 O'* 


= 20 mA 


The same current (lows through the resistor. 

The potential difference across the resistor is 

V r = 1R- (20 x 10“ 3 )( l .0 X 10 3 ) = 20 V. 
c. The potential difference across resistor at any time V n (t) is 


v„(i) = l(i)R = — [I- e- (m ‘] XR = E( 1 - e~ WL) ') 

R 

The potential difference across the inductor V L (!) at any time 
i is 


W L U)\ = 


But we have 


L— 

dl 

d[ = E_ 
R 


e <RtL)f 
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The current through the resistor is zero at / - 0; the potential 
difference across it is zero; hence, from KVL applied on the 
loop the potential difference on the inductor must be equal to 
that of the e.m.f. source, i.e, 20 V. 

The potential difference on an inductor is E = L— 

dt 

20 V= (JOx 10' S H) — 
dt 

Solving for dlidu we have — = —— = 2.0 x 10 3 A/s. 

dt 10xl0" 3 H 

The potential difference on the inductor depends on the rate 
of change of current 

The current through the resistor changes at the same rate as it 
is in series. Let us see another way to determine dlidt . The 
current through the inductor is given by 



HH 



In the following circuit (Fig. 8.111) the 


switch is dosed at t - 0. Intially, there is no current in inductor. 


Find out the equation of current in the inductor coil as a function 
of time. 


l(r)= -[\- e - (WL) ') 
R 

Differentiating w.r.t. t , we get 

<n 

dt 


G) 


R 

—V\/VV 


= f (-l)ew- 

_ §_ e -(mi 

(ii) 


1. £ 


R { 

L) L 








/ = o 


-AWr 


At / = 0, e- {RiL)f 
obtained earlier, 


1, we have — = 
dt 


E 

L 


the same result as 


V L = L-= Ee-W»' 
dt 

The polarities are shown in Fig. 8.109. Now we apply KVL 
^ around the closed loop, traversing the circuit in the clockwise 
sense. Beginning from left comer, we get 



Fig. 8.111 


Sol. At any time /, 

-£+ i ] R-(i-i ] )R = 0 
-£+ 2i } R - iR~0 

//? + £ 


2 R 




AAAAr 



Fig. 8.112 


Fig. 8.109 


E-V L (t)-V R (t) = 0 

E-Ee’ iR/L)f - E[ 1 - e~ (mi ] = 0 

0V=OV 


Hence, from the above discussion, we can say the KVL is 
satisfied at any instant, 
d. The time constant of circuit is 


r- 


L 

R 


lOx 10~ 3 H 
1.0 xlO 3 Ci 


= 1.0 x 10" 5 s 


The potential difference across the resistor is 

V K (I) = E[ 1-= 20 V [1 -e- (L0xUrV ' : ’ f ] 
The potential difference across the inductor is 

V L (t) = Ee m = (20 V)e “ (1 ■ Qxl0 ' V ' >' 


Now, 


—£ + iiR + IR +\L = 0 


iR + £) 1 < di 

-£+ | - +//? + /— =0 

2 ) dt 


3TR _ di_ 
" 2 + 2 ~~ dt 
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Fig. 8.113 shows a circuit consisting of a 


ideal cell, an inductor L and a resistor/?* connected in series. Let 
the switch 5 be closed at t = 0. Suppose at i = 0 the current in the 
inductor is r 0 then find out equation of current as a function of 
time 


R 

m/ww 


h 

c 


l 


B S I A 

o 

Fig. 8.113 

Sol. Let at an instant t , tile current in the circuit is / which is 
increasing at the rate dildt. 

* 'o 1 

—vwv—•-*— 

c 


Fig. 8.114 


Writing KVL along the circuit, we have -L - iR = 0 


di 

e-iR => 
dt 


r di \dt 
) £-iR l L 


In 


e-iR 

{ £ ~'o R ) 


= - — => E-iR = (£-/ 0 fl )e R ' /L 

L 


. £-{£-ipR)e 

R 


-RtlL 


In a circuit shown in Fig. 8.115, A and B 
are two cells of same e.nrf. E but different internal resistances r, 
and r 2 (r { > r 2 ), respectively. Find the value of R such that the 
potential difference across the terminals of cell A is zero a long 
time after the key K is dosed. (TIT-JEE* 2004) 



Sol. After a long time, steady state is reached in which impedance 
due to induced {coL for dc) is zero and that due to capacitance 


l 


\®C) 
Fig. 8.116 


becomes infinite, so equivalent circuit is shown in 


m r 



Net interna] resistance /? inl = r x + r 2 


.\ Current in circuit / = —- 

— R + 7\ + A 
4 1 2 

The potential difference across the terminals of cell A is zero: 
2Er 4 

so E-lr, =0=*£- -- J - =>R= -(r,-r 2 ). 

— R + fj + A 
4 


ENERGY STORED IN MAGNETIC FIELD OF AN 
INDUCTOR 


Ldl , , ,dJ 

As £ ~ IR + -, el — / R + LI — 4 

dt dt * 

el is the power supplied by the bariery, f'R is the electrical 

dl 

power dissipated in the resistance and LI -— is the rate of energy 

dt 

stored in the inductor. 

eldt = l 2 Rdt + Lldl 

r ; 1 1 ^ 

Energy stored in the inductor is U B = Lldl = — LI 


L 


■m- 

R 



Fig. 8.117 

Alternatively: 

The energy of a capacitor is stored in the electric field between its 
plates. Similarly, an inductor has the capability of storing energy 
in its magnetic field. 
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/(increasing) 


-T5T- 


di 

l ~7 

(h 


. di 
dt 


Fig. 8.118 

An increasing current in an inductor causes an c.m.f. between 
its terminals. 


The work done per unit time is power P - 


dW 

ell 



From 


dW=' dU or 


dW 

dt 


dU_ 

dt 


We have —— = U — or dU - Li di 
dt dt 

The total energy U supplied while the current increases from 

ft J ^ 

zero to a final value / is U = L\ idi = — Li 

J o 2 



The energy in an inductor is actually stored in the magnetic 
Held within the coil. We can develop relation magnetic energy 
density u (energy stored per unit volume) analogous to those wc 
obtained in electrostatics. We will concentrate on one simple 
case of an ideal long cylindrical solenoid. Fora long solenoid, its 
magnetic field can be assumed completely within the solenoid. 
The energy U stored in the solenoid when n current / is 

as L= p 0 n 2 V 


The energy per unit volume is // - 


U_ 

V 


as 

Thus, 


// = 


£/ 

V 


\ 

"2*" 


2 i 2 


B= p Q ni 


1 (/V»f I 

2 Pc 2 p 0 


ii = 


2 Ab 


2 

This expression is similar to // = - B n E used in electrostatics. 

Although we have derived it For one special situation, it turns out 
to be correct for any magnetic field configuration. 



Consider the RL circuit in Fig. 8.119. 


When the switch is closed in position 1 and open in position 2, 


electrical work must be performed on the inductor and on 
the resistor. The energy stored in the inductor is for the 
magnetic field inside jt which increases as / increases. In the 
resistor energy appears as heat. 


a. What Is the ratio of Pj/Pk of the rate at which energy is 
stored In the inductor to the rate at which work is done in 
the resistor? 

b. Express the ratio PJP H as a function of time. 

c If the time constant of circuit is t , what is the time at 
which P L = P R ? 


a. The energy stored in the inductor is U, ~ ~LI~ 

The power P L - = “I —LL |-Li 

L dt dt u 


0) 


Switch 1 

I IR . Ldlhli 

-^ — 


1 

R i 

--: £ I 

S^ilch 2 


Fig. 8.119 

The power of a resistor P H = ! 2 R 


(ii) 


So the nuin is — = 


LUU__ \_<]l 
R ! dt ~ I dt 


(iii) 


h As 




(iv) 


‘Ji- £\ln^ru = JL e -(‘tn 

dt dt I R I Rt 


(v) 


Inserting the vnluc of dlkh and I in equation (iii), we have 


!X 

Pr 


T 


E -fir 
— C 

Rt 

ki-c^ r ) 


a -utn 


I -e 


-O/T) 


l 


c (t/r) -\ 


(vi) 


When / s= 0 this ratio tends to infinity, due to laige initial value 
of dlldi and small initial value of /. When / tends to infinity, 
after many lime constants, ihc currem tends to zero. As a 
result, P L vanishes and the raiio goes to zero. 

c. From equation (vi), P L - P R when —- = 1 which on 


simplification yields^ /yrt = 2, 


- = ln2=> / = 0,693 r. 
T 



Derive an expression for the total 


magnetic energy stored in two coils with inductances L x and 
L 2 and mutual inductance M x when the currents in the coils 
are l { and / 2 , respectively. 

Sol. When (he currents are increasing in the circuit, we have for 
e.m.f. s 


A' - -L, 


di 


dL 


dU 


dh 


± M —- , E 2 = ~L> —— ± M —- 
dt di 2 “ dt dt 


where the ± sign appears consistently in botl) equations and 
depends <m the geometry of the coils and the sense of current. 
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Work done in pushing charges dq x and dq 2 through each circuit, 
respectively, is dW- -E x dq- E 2 dq 2 

dl | _ A dl 2 ill 2 

= “A — 1 </<7i + M —- el (fa + Ll — elq 7 T M — 1 dq^ 

dt dt at dt 


/,= — .dc^ = /, dt, / 2 = </r / 2 = / 2 r// 

1 dt 1 1 2 dt 22 

elW= L i I i d/ i + Z^/ 2 ,// 2 t (A//, r// 2 + <Vf/ 2 W/,) 

= L|7,^/| + L 2 7^// 2 + Afr/(/, / 2 ) 

On integrating the above expression from 0 to final current* we 


have 


U~jdW = Li J'“ 7, <0, + h Jo’ h dh + M j'^ </(/,/ 2 ) 


= ^i. |/ , 2 +-^/ 2 2 +M/,/ 2 


LC OSCILLATIONS 

A capacitor is charged to a potential difference of V'q by 
connecting it across a battery and then is allowed to discharge 
through a pure inductor of inductance L , 



Fig. 8.120 

Initial charge on the plates of the capacitor q 0 = CV 0 . 

At any instant, let the charge flown in the circuit be q and the 
current in the circuit be i. Applying KirchhofTs law 

0 

C dt 


dq 


, d 2 J 


Differentiating w.r.i. time, we get —— - LC -yy = 0 

el’ 1 ! _[___j_ 

r// 2 ~ LC (0 'f~ 2jrsfLC 
The charge q on the plates of the capacitor and current / in the 
circuit vary sinusoidally as 

q ~ <r/ 0 sin (cot + 0) and I - q {) &>cos (cot + 0). 
where 0\s Ihe initial phase and it depends on (he initial situation 

of the circuit co = .— . 

Jlc 

The total energy of the system remains conserved. 

1 * l * l ^ ^ 1 2 

-CV 2 + - LI 2 - constant = -CV n - - Li} 



In an LC circuit as shown in Fig. 8.121, 


the switch is closed at t = 0; Q muy = 100 pC; L = 40 mH; 


C - 100 pR 



a. Determine the equation for instantaneous charge on the 
capacitor. 

b. Determine the equation for instantaneous current in the 
circuit. 

c. Plot the following graphs: 

a. q versus t b. i versus t 

c« ^versus* d. U B versus/ 

Sol. 

a. <7 = Qmx C0S(JW 

Here Q mw = 100 jjC; co= ~?= = j 1 

VLC ^40xI0 -2 J(100x10’ 6 J 

= 500 rad/s, q = 100 cos(500/),(nC) 

b. i = — = -(100) (500) sin (500/) (f/A) 

ell 

or = - 50000 sin(500/) (n A) 



c. U E = X - cos 1 (Of ; U B = ~ LI 2 m sin 2 eoi 



Initially the 900 pF capacitor is charged 


to 100 V and the 100 pF capacitor Is uncharged in Fig. 8.123. 
Then the switch S 2 Is closed For a time t if after which it is 
opened and at the same instant switch 5, is closed for a time ^ 
and then opened. It is now Found that the 100 pF capacitor is 
charged to 300 V. Find the minimum possible values of the 
time interval / ] and t 2 . 
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Fig. 8.123 


Sol. Initial energy stored in the 900 )iF capacitor is 
U x = (l/2)x900x 10r 6 x(100) 2 =4.5 J 
Finally, energy stored in the 100 pF capacitor is 
U 2 = (l/2)x900x l(T 6 x(300) 2 =4.5 J 
The entire energy of the 900 pF capacitor has been transferred 
to the 900 pF capacitor. First, electrical energy of the 900 pF 
capacitor is converted into magnetic energy in the inductor and 
then this energy is converted into electrical energy once again 
using S 2 and S Y appropriately. 

In an LC circuit the transfer of electrical energy into 
magnetic energy and vice versa takes place in a time 774 where 

T = 2k4~LC is the time period of the electrical oscillations. 


Thus, T,= 2Wl0x9OOxlO" 6 =0.6s 

T 2 = 2WlOx900x I0 -6 = 0.2 s 
Therefore, switch S 2 is First closed for time 0.6/4 = 0 A 5 s, during 
which time the 900 pF capacitor gets fully discharged and the 
current in the inductor is fully established. Next the switch S 2 is 
opened and simultaneously switch S ] is closed for time 0.2/4 
= 0.05 s during which time the current in the inductor disappear 
and the 100 pF capacitor gets fully charged. 

After this time, the switch S, is also opened. The 100 pF 
capacitor is now charged to 300 V. 

Thus, /, = 0.15 s and / 2 = 0.05 s. 


The circuit shown in Fig. 8.124 is in the 
steady state with switch closed. At / = 0, is opened and 
switch S 2 is closed. 

a. Derive an expression for the charge on the capacitor C 2 
as a function of time. 

b. Determine the first instant when the energy in the 
inductor becomes one-third of that in the capacitor. 


SoL 


£ = 0.2 mH 



C 2 = 2pF 


20 V ^ 

Fig. 8.124 


a. In the steady state, C, and C 2 are in series arrangement, their 
equivalent is 


C c q = 


C\ + C 2 


1.2 pF 


Charge on the capacitor C 2 , Q 0 = 0^= 1-2 x 20 = 24 mC. When 
S { is opened and S 2 is closed. Capacitor C 2 starts discharging 
through the inductor and let at any time /, charge on the 
capacitor be Q. 


L 

w 

c 2 


i 


Fig. 8.125 

Applying Kinchhoff s voltage law, we get 

Q +L d 4=o 17 = ^1 

c 2 dt C 2 dt 2 L dt J 

The solution of this equation is Q - Q 0 sin (cot -+* <p) where 
1 


CO- 
At 

Hence (p- 


■ - 5 x 10 4 rad/s 


Jlc 2 

i = o, 

K 
2 

Thus the charge on the capacitor at any time t is 

Ql 

Q = Qs cos cot , U E + U B = — 

At the time t = U u = E 


3 

riof] 

1 Q 2 _3 

'lOT 

4 

l 2C J 

^ 2 C 2 4 

2C J 


>4 


Qo or Q 0 cos cot 


4 


Qo 


cot,- ~ or i,= —= 1.05 Xl0 _5 = 10.5 ps 
1 2 1 6<o 



In the circuit shown in Fig. 8.126. the 


battery has negligible internal resistance. Show that the 
current in the circuit through the battery rises instantly to its 
steady state value EIR when the switch is dosed, provided 
that the resistance R is Juc. 


4 ;? l 


R C 

—VWHI— 

A 


Fig. 8.126 







































Faraday's Law and Lenz's Law 8.35 


Sol. Let the currents through inductive branch and capacitive 
branch be l L and I c respectively. Then the current through the 
battery, from KCL, is / = I L + I c . 

Since the battery is connected in parallel to the RL and RC 
branches of the circuit, the current in the RL branch is unaffected 
by the presence of the RC branch, so 


d. Given i=l°™=- = \A 
2 2 

Then again from the conservation of energy, 


-li 1 +—=-li; x 

2 2C 2 


K 
2 C 


=^( 7 L- /2 ) 


Il= and / c = 

I\ 


0 -m o 


R 


Q= 


Hence, the current through battery is / = — [ 1 - e^ RIL)l + e~^ iIRC) \ 

R 


If the current has to reach its final value EIR instantaneously, 

the exponential terms must cancel out, i.e., eT ttfL - e' 1IT \ which 
is possible if z L = t c . 

UR = RC, R = yJ(L!C) 

For all / > 0, this is the desired result. 



An inductor of inductance 2.0 mH is 


connected across a charged capacitor of capacitance 5.0 jllF 
and the resulting LC circuit is set oscillating at its natural 
frequency. Let Q denote the instantaneous charge on the 
capacitor and 7 the current in the circuit. It is found that the 
maximum value of charge Q is 200 jllC. 


2 l When Q = 100 p.C, what is the value of 


dl 


dt 


b. When Q = 200 jllC, what is the value of 7? 

c. Find the maximum value of 7. 

d. When 7 is equal to one-half its maximum value, what is the 

value of \QY> (IIT-JEE, 1998) 


Sol. L= 2.0 mH = 2.0 x 1CT 3 H 

C=5.0^F = 5.0xl0- 6 F 
2^= 20jiC = 200x 1CP 6 C 

In an LC circuit, energy transfer continues from inductance to 
capacitance and vice versa, 
a. By Kirchhoff’s law in an LC circuit 



dl_ 

dt 


SL 

LC 


dl] 

dt\ 


100 x 1 O' 


r6 


= IlfA/s 


LC 2.0x10 _3 x5.0x10 _6 
h When Q - 200 jliC, the entire energy of circuit resides in 
capacitance. Thai is, no energy is stored in inductance 

— Lp-= 0=>/=0 
2 

c. Maximum value of/is given by 


-U 2 - Cmox ^ i __!_ 

2 mnx 2C ,MX JLC 


1 


G n 


— / 7, T~ 

i/(2.0x I0 _3 )x(5,0x 10" s ) 


x 200 X10" 6 = 2 A 


= 7(2.0 X10 -3 x5.0x]0 _<s )(2‘ ! -l 2 ) 

= 10“ 4 n/3 0=1.72x 10^0 
= 173.2 |iC 


- Concept Application Exerdse 8.3 - 

1. The magnetic field at all points within a circular region of 
radius R is uniform in space and directed into the plane of 
the page in Fig. 8.127. (The region could be a cross section 
inside the windings of a long, straight solenoid.) If the 
magnetic field is increasing at a rate dBIdt , what are the 
magnitude and direction of the force on a stationary 
positive point charge q located at points a , b and cl (Point 
a is a distance r above the centre of the region, point b is a 
distance r to the right of the centre and point c is at the 
center of the region.) 



Fig. 8.127 

2. Fig. 8.128 shows two circular regions R } and R 2 with radii r { 
= 21.2 cm and r 2 = 32.3 cm, respectively. In R x there is a 
uniform magnetic field B { = 48.6 mT into the page and in 
R 2 there is a uniform magnetic field B 2 = 77.2 mT out of 
the page (ignore any fringing of these fields). Both fields 
arc decreasing at the rate 8.50 mT/s. Calculate the integral 

^ E - ds for each of the three identical paths. 



Fig. 8.128 
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3. Fig. 8.129 shows five lettered regions in which a uniform 
magnetic field extends directly either out of the page (as in 
region a) or into the page. The field is increasing in 
magnitude at the same steady rate in all five regions; the 
regions are identical in area. Also shown are four numbered 

paths along which ds has the magnitudes given 

below in terms of a quantity mag. Determine whether the 
magnetic fields in regions b through e are directed into or 
out of the page. 

Path; l. 2 3. 4. 

j>Eds mag 2(mag) 3(mag) 0 



Fig. 8.129 

4 A magnetic field directed into the page changes with lime 
according to B = (0.0300 t 2 + l .40)T, where / is in seconds. 
The field has a circular cross section of radius R — 2.50 cm. 
What are the magnitude and direction of the electric field at 
point P x when/ =3.00sandr, =0.0200m? 



5. Fig. 8.131 shows on LCR circuit. When the switch S is 
closed the current through resistor R , inductor L and 
capacitor C are /|, / 2 and /j, respectively. Determine the 
values of / 2 anc * h 



-o--- 

Fig. 8.131 

a al / = 0 k. at / = 

6. It has been proposed to use large inductors as energy 
storage devices. 


a. How much electrical energy is converted to light and 
thermal energy by a 20Q-Q light bulb in one day? 

b. If the amount of energy calculated in pan (a) is stored in 
an inductor in which the current is 80.0 A, what is the 
inductance? 

7. A 1.00 k Cl resislor is connected in series with a 10.0-mH 
inductor, a 30.0 V battery and an open switch. At time / = 0. 
the switch is suddenly closed. 

a. What is the maximum current in this circuit and when 
does it occur? 

U What are the voltage drops across the inductor and 
across the resistor 20.0 ps after the switch is closed ? 

c. On a single set of axes, sketch the voltage across the 
resistor and the voltage across the inductor as functions 
of time. A Iso, sketch a graph of the current in the circuit 
os a function of time. 

8. A capacitor with capacitance 6.00 x 1CT 5 F is changed by 
connecting it to a 12.0-V battery. The capacitor is 
disconnected from the battery and connected across an 
inductor with L- 1.50 H. 

a. What are the angular Frequency w of the electrical 
oscillations and the period of these oscillations (the time 
for one oscillation)? 

b. What is die initial charge on the capacitor? 

c. How much energy is initially stored in the capacitor? 

d. What is the charge on the capacitor 0.0230 s after the 
connection to the inductor is made? Interpret the sign of 
your answer. 

e. At the time given in pari (cl), what is the current in the 
inductor? Interpret the sign oFyour answer. 

f. At the lime given in part (d), how much electrical energy 
is stored in the capacitor and how much is stored in the 
inductor? 

9. hi the circuit shown in Fig. 8.132, E = 10 V, = 5.0 fi, 
fl 2 = J 0 £2 and L = 5.0 H. For the two separate cond itions, (I) 
switch S is just closed and (II) switch S is closed for a long 
time, calculate 



Fig. 8.132 

a. the current /, through R v 

b. the current / 2 through 7? 2 > 

c. the current / through (he switchs, 

d. the potential difference across R 2 > 
c. the potential difference across L s 
t di 2 ldt . 

10. In Fig. 8.133, the switch is closed for /> 0 and steady-state 
conditions arc established. The switch is thrown open at / 
= 0 . 

a. Find the initial voltage £ ( >across Ljusl after t = 0. Which 
end of the coil is at the higher potential: a or b ? 

b. Make freehand graphs of the currents \nR ] and R 2 as a 
function of lime, treating the steady-state directions as 
positive. Show values before and after t = 0. 
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c, How long after t = 0 docs the current in R 2 have the 
value 2.00 mA? 


2 00 Q 



Fig. 8.133 

11. The switch in Fig. 8.134 is dosed at lime t = 0. Find the 
current in (he inductor and the current through the switch 
as functions of time thereafter. 


4,00 0 8.00 0 



15. In a circuit (see the solution), S\ remains closed for a long 
time and S 2 remains open. Now S 2 is closed and S\ is 
opened. Find out the dlfdt just after that moment. 

16. At / = 0, switch S is closed (shown in Fig. 8.138) after a long 
time suddenly the inductance of the inductor is made t] 
times lesser (L//J) then its initial value, find out instant 
current just after the operation. 

R L 

i— aaa,— 


Fig. 8.138 

17. Which of the two curves shown has less time constant. 




Fig. 8.134 

12. AB is a part of circuit. Find the potential difference v /t - v n if 

1 

—♦— y —nnrjp - |i—vw— *— 

A 1 B 

1 H 5 volt 

Fig. 8.135 

a. current i- 2 A, and is constant; 

b. current / = 2 A, and is increasing at the mie of 1 A/s; 

c. current i = 2 A, and is decreasing at the rate I A/s. 

13. A circuit contains an ideal cell and an inductor with n 
switch. Initially, the switch is open. It is dosed at / = 0, 
Find the current as a function of time. 



Fig. 8.136 

14. In the following circuit (Fig. 8.137), the switch is closed at / 

= 0. Find the currents A. m and —at / = 0 and at 
1 2 5 

t - Initially, all currents arc >cero. 



Fig. 8.137 


Fig. 8.139 

18. Two insulated wires are wound on the same hollow 
cylinder, so as to form two solenoids sharing a common 
air-filled core. Let / be the length of the core, A the cross- 
scclional area of the core, the number of times the first 
wire is wound around the core and N 7 the number of times 
the second wire is wound around the core. Find the mutual 
inductance of the two solenoids, neglecting the end effects. 

19. Find the mutual inductance of two concentric coils of radii 

and a 2 (a { « a 2 ) if the planes of the coils are same. 



Fig. 8.140 

20. Solve problem 19, if (he planes of the coils are perpendicular. 

21. Solve problem 19. if the planes of the coils make an 
angle t9with each other. 

22. Fig. 8.141 shows two concentric coplanar coils with radii a 
and b (a « b)> A current i = 2t flows in the smaller loop. 
Neglecting self-inductance of the larger loop. 
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a find the mutual inductance of the two coils; 
h find the e.m.f: induced in the larger coil; 
c. if the resistance of the larger loop is R y then find the 
current in it as a function of time. 

23* In problem 22, if a capacitor of capacitance C is also 
connected in the larger loop as shown in Fig. 8.142, find Ihe 
charge on the capacitor as a function of time. 

24. If the current in the inner loop changes according to i = 2 f 2 
(Fig. 8.142). then find the current in ihe capacitor as a 
function of time. 




Two infinitely long parallel wires carrying 
currents / = 7 0 sin cot in opposite direction are placed at a 
distance 3a apart A square loop of side a of negligible 
resistance with a capacitor of capacitance C is placed in the 
plane of wires as shown. Find the maximum current in the 
square loop. Also sketch the graph showing the variation of 
charge on the upper plate of the capacitor as a function of 
time for one complete cycle taking anticlockwise direction for 
the current In the loop as positive.' (IIT-JEE, 2000) 






ZC 


«3 


' Q r 

3 a 


Fig. 8.143 


Sol. The magnetic field due to both wires on elementary strip of 
width dx at a distance from left wire is 



Vo 1 
2 7i (3o - x) 


(upward) 


Mot\ \ , I 

2 it x 3 a - x 


dx - 



Magnelic flux linked with this strip 


d#= BdS = ^~ 
1n 


I 

- + ■ 


1 


a - 3a -x 
Total magnetic flux linked with this strip 


adx 


Vote fM 1 


JIt 


1 


2n J to { x 3a - a 


dx 


71 

<p- ^^log r 2 (/ 0 sin a>!) (since / = / 0 sin cot) 

it 


Magnitude of induced e.m.f. 


e- = ^to a | 0 g^2 (£>cOS COi). 


K 


.\ Maximum induced e.m.f. 

/V Q g4> 


3>= 


71 


log, 2. 


Charge on the capacitor, 



Fig. 8.145 


q- Ce- Ce^ cos cot 
_ C// 0 ! 0 aa) log r 2 


cos cot = % cos cot 


where 


<7o = ^^l 0 g,2 
n 


Magnetic flux linked with the loop « sin cot , i.c., at / = 0, the 
magnetic flux is increasing (B is upward); so the current will be 
induced lo oppose the increase of current, i.e., in Ihe loop (he 
current will be clockwise. So upper plate will be positive. The 
graph of variation of charge for full cycle is shown in Fig. 8.146. 





>\ 


Fig* 8.144 


Fig* 8*146 
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^ metal bar AB can slide on two parallel thick 
metallic rails separated by a distance L A resistance R and an 
inductance L are connected to the rails as shown in Fig 8.147. A 
long straight wire carrying a constant current / 0 is placed in the 
plane of rails and perpendicular to them as shown. The bar AB is 
made to slide on the rails away from the wire. Answer the 
following questions: 

di Aq 

a Find a relation among/, — and —, where/ is the current 
dt dt 

in the curcuit and <j> is the flux of the magnetic field due to the 
long wire through the circuit. 

h It is observed that at time t-T, the metal bar AB is at a 
distance of 2x 0 from the long wire and the resistance R 
carries a current/ 2 . Obtain an expression for the net charge 
that has flown through resistance R from / = 0 to t = T 
c. The bar is suddenly stopped at time T. The current through 

resistance/? is found to be — at time 2r.Find the value of UR 
4 

in terms of the othyer given quantities. (IIT- JEE, 2002) 



Sol. 

a. When bar AB slides away, the magnetic force acts on free 
electrons along negative /-axis, so electrons move from end 
A to end B> making end A at positive potential relative to 
end B . 



Let £be induced e.m.f, According to Kirchhoff s second law, 


-Ri-L^- + £= 0 
dt 


£— Ri + L 


di 
' dt 


But £= — (numerically) 
dt 


dt 


dt 


(i) 


— is taken positive, because direction of e.m.f. induced has 
dt 

already been investigated. 


d<b 

Moreover, when — 31 increases, current / increases; this 
dt 

dtp 

ensures positive sign of —. 

dt 

h Equation (i) can be expressed as 
dp= Ridt + L di 
d<p- Rdq + Ldi 
Integrating, we get 

[<P)]*a = Rq + Li\ 

,\ Charge flown from t = 0 to / = T will be 


q= 


(ii) 


Change in flux during the displacement of bar from x = x Q to 
x=2x 0 in time Tis 


m-m= f BdA = f 

J Jto 

MqW 


2 *o MqIq 
2 nx 


Idx 


In 


-log, 2 


/. From (ii), charge flown 

Mah 1 


q= 


Li, 


log, 2- L 

2nR e R 


(iii) 


(iv) 


c. The equation of decay of current in an LR circuit is given by 
i = i 0 e~ K,/L - (v) 

Given i= L =i, y t = 2T-T-T 
4 

Substituting these values in equation (v), we get 


!l- : „-tWL 
4 - h e 


a -RTtL _ 


1 


or 


RT t A L T 

— = og^4 — =- 

L Be R log c 4 


Example 83 


A thermocole vessel contains 0.5 kg of 


disilled water at 30°C. A metal coil of area 5 x 10~ 3 m 2 , number 
of turns 100, mass 0.06 kg and resistance 1.6 £2 is lying 
horizontally at the bottom of the vessel. A uniform, time varying 
magnetic field is set up to pass vertically through the coil at time 
/ = 0. The field is first increased from zero at 0.8 T at a constant 
rate between 0 and 0.2 s and then decreased to zero at the same 
rate between 0.2 and 0.4 s. The cycle is repeated 1200 times. 
Make sketches of the current through the coil and the power 
dissipated in the coil as function of time for the first two cycles. 
Clearly indicate the magnitude of the quantities on the axes. 
Assume that no heat is lost to the vessel or the surroundings. 

(DT-JEE, 2000) 


Sol. e.m.f. induced 


£= - 


dp 

dt 


= (NBA cos0°) 
dt 

dB 

= -M4 — 
dt 
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= - 100x5x 10“ 5 x — =-2V 

0.2 

It is negative between 0 and 0.2 s when field is increased and 
positive between 0.2 and 0.4 s when field is decreased. 
e 2 

Current induced i = — = — = 1.25 A 



1.25 A 



Current 

/ 



! 0.8 

(A) 

-1.25 

0.2 j 

0.4 

°‘ 6 t (s) 

Time 


(») 


j 

2.5 

M 


Power 

<p) 



'(*) 

in watt 

0.4 0.8 

(b) 


Fig. 8.149 

It is negative between 0 and 0.2 s and positive between 0.2 
and 0.4 s. 

Power dissipated = i 2 R = (1.25) 2 x 1.63 W 
= 2.5 W 

Total energy supplied = Pt 

= 2.5 x 12000 x 0.4 J 


= 12x 10 3 J 

Now from the conservation of energy 
12 x 10 3 = m l c y A$+ m 2 c 2 A6 
=> 12 x 10 3 = (ntyCy +m 2 C 2 )A$ 


rtiyCy + m2C 2 

_ 12xl0 3 

" 0.5x4200 + 0.06x500 

a&= ^ 

=> Final temperature 
0 2 = $!+A& 

= 30 + 5-.6=35.6°C 


12 x 10 3 
2130 


= 5.6° 


A circuit containing a two position switch 5 is 
shown in Fig. 8.150. (IIT-JEE, 1991) 


Ry C 



a. The switch S is in position 1. Find the potential difference 
and the rate of production of heat in joule, 
h If now the switch S is put in position 2 at /=0 find 
the steady current and the time when current is half in the 
steady value. Also calculate the energy stored In the inductor 
L at that time. 
ioL 

a. The capacitor offers infinite resistance to dc in the steady 
state* therefore the current in capacitor branch is zero. The 
equivalent circuit, in steady state, when switch is in position 
(1) is given in Fig. 8.151. 

The distribution of current according to KirchhofPs first law 
is shown in Fig. 8.151, Applying KirchhofPs second law to 
mesh abcda , 



/| X 2 + (/ 1 + / 2 ) x 2 = 12 
or 4/ 1 + 2/ 2 =12 

or 2* 1 + : 2 = 6 0) 

Applying KirchhofPs second law to mesh abfea , 
i 2 x2 + (/ l + / 2 ) 2=3 
or 2 i'| + 4/ 2 = 3 

Solving (i) and (ii), we get 

= 3.5 A, : 2 = - i A 


.\ Potential difference between A and B is 
V b -V a = V=E 2 -i 2 R 2 = 3-(-l)x2 = 5V 
■■■ V a -V b = -5V 

b. When the switch S is put in position 2, the equivalent circuit 
takes the form shown in Fig. 8.152. 



E 2 

Hh 

3 V 


R 2 

-vwv— 

2CI . B 

#3o: 


-nm '— 

10 mH 

Fig. 8.152 


Total resistance of the circuit, 

R=R 2 + R 4 = 2 + 3 = 5C1 I 
L= 10mH= 10X 10 _3 H • 

In steady state, there is no role of inductor L. 


Fig. 8.150 
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/. Steady current 

. E 3 /\ £ a 
i Q = — = - = 0.6 A 
0 R 5 

The growth of current in PL circuit is given by 


1= b 


l-e L 


1-e., 


l-e L> 


k . i 1 


Given i = — > i.e., — = ~ after time /. 

2 in 2 


1 

~ = l-e l 
2 




or 


1 


Taking log, we get 
~~t log„e= log, 1 -log, 2 


i.e„ 


i.e.. 


R , * 

i' = io&2 


■=-log,2 


I = 


10x10 


-3 


-x2.3026x0.3010 


= 1.386x 10~ 3 s 
The current at the Instant, 

i = — = 0.3 A 
2 

/. Energy stored, 

U= -Li 2 
2 


= ^ x 10x 10' 3 x (0.3) 2 
= 4.5 x 10 -4 J. 


Examplc8.5, 


Two parallel vertical metallic rails AB and 
CD are separated by 1 m. They are connected at two ends by 
resistances R x and R 2 as shown in Fig. 8.153. A horizontal 
metallic bar L of mass 0.2 kg slides without friction vertically 
down the rails under the action of gravity. There is a uniform 
horizontal magnetic field of 0.6 T perpendicular to the plane of 
the rails. It is observed that when the terminal velocity is 
attained, the powers dissipated in R ! and R 2 are 0.76 and 1.2 W, 
respectively. Find the terminal velocity of the bar L and the values 
of the bar L and the values of R Y and R 2 . 



B D 

Fig. 8.153 

Sol. Let e be the induced e.m.f. and i the induced current in the 
bar. 



Fig. 8.154 

The forces acting on the bar are 

1. Weight mg acting vertically downward. 

2, Magnetic force BiL acting vertically upward. 

When these forces become numerically equal, the bar is in 
dynamical equilibrium and attains terminal velocity v (say) 
i.e., wg= BiL 

Substituting m = 0.2 kg, L- 1 m, B = 0.6 T, wegei 
0.2x9.8=0.6/xl 


or 


0.2 x 9.8 _ 49 
0.6 "l5 A 


(i) 


Let /1 and i 2 be currents in and P 2 * respectively. Then 


;=/, + / 2 


49 

(ii) 

or 11 + /} = — A 

1 2 15 

/?i and R 2 are in parallel with the bar. 

e- R\i\-R^ 

(iii) 

Power \nR {y P ] =ei\ -0.76 W 

(iv) 

Power in R 2y Pi ~ el \ = l -2 W 

Dividing (iv) by (v), we gel 
/j _ 0.76 _ 19 
^ “ 1.2 “ 30 

19 . 

(v) 

/ | — i 2 

1 30 

Then equation (ii) gives 

19 19 

(Vi) 

SI 

X 

to 

II 

> 



(DT-JEE, 1994) 
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19. . 49 49. 49 

30 ,2 + t2= T? or 3o' 2S 7s 


or 

From (vi) 


i 2 = 2 A 


* 19 . 19 A 

/, = —x 2 = — A 
1 30 15 


Now from (iv) 

ei | = 0.76 

0.76 0.76x15 


or 


e = 


19 


=0.6 V 


Induced e.m.f. e = BvL 

Terminal velocity v = — = ^ = 1 rn/s 
BL 0,6 x 1 

Again from (iii) 


*i = - = 


e 0.6x15 9 


19 


— 0 = 0.47 a 
19 


0.6 


/?,= - = ^ = 0.3^ 


Example 8.6 


A pair of parallel horizontal conducting rails 


of negligible resistance shorted at one end is fixed on a table. The 
distance between the rails is L . A conducting massless rod of 
resistance R can slide on the rails frictionlessly. The rod is tied 
to a massless string which passes over a pulley fixed to the edge 
of the table. A mass m tied to the other end of the string hangs 
vertically. A constant magnetic field B exists perpendicular to 
the table if the system is released from rest. Calculate 


aonr-JEE, 1997 ) 



a the terminal velocity achieved by the rod, and 
h the acceleration of the mass at the instant when the velocity 
of the rod is half the terminal velocity. 

SoL 

a. If v is the instantaneous velocity of the rod at any time /, the 
induced e.m.f. will be £= BvL. 

Induced current in rod 



Due to this current the rod in magnetic field 5 will experience 
a force 

F = Bit opposite to motion. (ii) 

If v r is terminal velocity of rod, and T the'tension is string, 
then free-body diagrams of rod and mass m are shown in 
Fig. 8.156. 


So equation of motion of mass m is 
A ig-T- ma 

For terminal velocity, a = 0 
Mg-T=Q => T= mg 
Equation of motion of rod is 




Oil) 

(iv) 


T- BiL = 0 x a = 0 (as rod is massless) 
7= BiL 


Using (iv), we get 
mg = BIL 


mg-B 



L 


(v) 


Vr = 


mgR 

B 2 L 2 


h When velocity of the rod is half the terminal velocity 


(vi) 


„ = V T _ 1 m&R 
2 2 B 2 L 2 

From (iii) acceleration 


A 




BL BL 2 >ngR 

m R B 2 L 2 


(vii) 


(using - v) 


= 8 - 


2 “ 2 


Exami>lq 82 s» 


A metal rod OA of mass m and length r is kept 


rotating with a constant angular speed in a vertical plane about a 
horizontal axis at the end 0. The free end A is arranged to slide 
without friction along a fixed conducting circular ring in the 
same plane as that of rotation. A uniform and constant magnetic 
induction is applied perpendicular and into the plane of rotation 
as shown in Fig. 8.157. An inductor L and an external resistance 
R are connected through a switch S between the point O and a 
point C on the ring to form an electrical circuit. Neglect the 
resistance of the ring and the rod. Initially, the switch is open; 


(HT-JEE, 1998) 
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(since at f = 0, r = 0 and at / = /,/ = /) 


Fig. 8.157 

a. What Is the Induced e.m.f. across the terminals of the 
switch? 

b. The switch S is closed at time taO, 

I. Obtain an expression for the current as a function of 
time. 

II. In the steady state, obtain the time dependence of the 
torque required to maintain the constant angular speed, 
given that the rod OA was along the positive X-axis 
at / = 0. 

iol. 

a. The rod <9.4 may be supposed to be divided into a large 
number of length elements. The angular velocity (co) of each 
element is same, while linear velocities of elements are 
different. Consider one element of length dx at a distance x 
from centre 0, The linear speed of element v=xw. As B-dx 
and v are mutually perpendicular, the e.m.f. induced across 
the clement de = Bvdx = B{xa>) dx. 

/. The e.m.f. induced across the whole rod, 

£= VbxocLx 

Jo 


or 


r log, (*-*»)' 

i 

’/ * 

L -x J 

0 

_L_ 


log,(£ - Ri) - log,. E 
-R 


t_ 

L 


or 


or 


log* 


E-Rl 


Rt_ 

L 


E 


/= £(,_ c -^) 

R 


Using (i), 


/ = 


Br^O 

2R 




1. According to Maxwell's right-hand rule, the direction of the 
induced current in the rod is from periphery to centro. 

The force on small length dx of current-carrying wire 

dF = - idx x B 
Torque on element 


= B(o 


2 


(i) 


b. When rod rotates anticlockwise (as shown), the end O 
becomes positive and A negative. As resistance of ring and 
rod is negligible, therefore the equivalent circuit is shown in 
Fig. 8.158, When switch S is closed, let / be the current and 

di 

—- the rate of change of current in the circuit, then from 
at 

Kirchhoff s second law, the equation of e.m.f.s 




—nmr- 

i 

Fig. 8.158 


_ , dl 
E — L “ — Ri 
dt 


dt | = x X dF - x x (-idx x B) 
= IBxdx 


Torque^ = Bi 


v 

2 


-T 




= B 




4 R 

In steady state (r «) 
B 2 eor 4 




So 


r, = 


4« 


(constant). 


Torque due to the weight of rod, 

*j = wg|Tjcos<w 

Net torque 

T= T| + tj 

B 2 ior 4 mgr cosot 


4 R 




2 
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EXERCISES 


Subjective Type 


Solutions on page S.9S 


1. In Fig. 8.159* a long thin wire carrying a varying current 
i = l Q sin tot lies at a distance y above one edge of a 
rectangular wire loop of length L and width W lying in the 
x-z plane. What e.m.f. Is induced In the loop? 



2, A wire is bent into three circular segment of radius r = 10 cm as 
shown in Fig. 8.160. Each segment is a quadrant of a circle, 
ab y lying in the x-y plane, be lying In the yz plane and ca 
lying in the emplane. 



a If u magnetic field B points in the positive x direction, 
what is the magnitude of the c,m.f. developed in the wire 
when B increases at the rale of 3 m T/s? 

b. What is the direction of the current in the segment be . 

3, Three identical wires are bent into semi-circular arcs each 
of radius r. These arcs are connected with each other to form 
a closed mesh such that one of them lies in x-y plane, one in 
y-z plane and the other in z-x plane as shown in Fig. 8.161. In 
the region of space a uniform magnetic field of induction 
= + exists, whose magnitude increases at a 

dB 

constant rate — = a. Calculate the magnitude of e.m.f. 
dt 

induced in the mesh and mark the direction of flow of 
induced current in the mesh shown in Fig. 8.159. 



4. In Fig. 8.162, the four rods have X resistance per unit length. 
The arrangement is kept in a magnetic field of constant 
magnitude B and directed perpendicular to the plane of the 
figure and direction inwards. Initially, the sides as shown 
form a square. Now each wire starts moving with constant 
velocity v towards opposite wire. 



Find as a flinction of time: 

a. induced e.m.f, in the circuit. 

b. induced current in the circuit with direction, 

c. force required on each wire to keep its velocity constant. 

d. total power required to maintain constant velocity. 

e. thermal power developed in the circuit. 

5, An electric circuit Is composed of the three conducting rods 
MO t ON and PQ , as shown in Fig. 8.163. The resistance of 
the rods per unit length is X. The rod PQ slides, as shown in 
the figure, at a constant velocity v, keeping its tilt angle 
relative to ON and MO fixed at 45°. At each Instance, the 
circuit is closed. The whole system is embedded in a uniform 
magnetic field B % which js directed perpendicularly into the 
page. Compute the time-dependent induced electric current. 



Fig. 8.163 

6. The wire loop, shown in Fig. 8.164, is made by taking a flat 
rectangular loop of sides 10 cm and 20 cm bending the long 
sides at their midpoints to produce two mutually 
perpendicular square parts. The loop is placed in an 
oscillating magnetic field B = B 0 sin 2;rw, with B 0 = 1.2 
x 10’ 3 T and v = 60 Hz. The magnetic field Is inclined at 
angle &m\hxz plane. 

a. Express the e.m.f. around the loop as a function of time 
and the angle 6. 

b. For what angle fldoes the induced e.m.f. have the largest 
amplitude? 






























y 



7, In Fig. 8.165, a uniform magnetic field decreases at a 
constant rate dBfdt *= -K A where K Is a positive constant* A 
circular loop of wire of radius a containing a resistance R 
and a capacitance C is placed with its plane normal to the field. 


X X X X 



Fig. 8.165 

& Find the charge Q on the capacitor when it is fully charged. 

b. Which plate is at higher potential when it is fully charged ? 

c. Discuss the force that causes the separation of charges. 
8* A square coil AECD of side 0.1 m is placed in a magnetic 

field B = 2t 2 (Fig. 8.166). Here / is in seconds and B is in tesla. 
The magnetic field is into the plane of the paper. At time t- 2 s, 
find the induced electric field in DC . 



9. A rod of mass m can rotate without friction about axis O t 
sliding (also without friction) along and annular conductor 
of radius b arranged in a vertical plane as shown in the 
Fig. 8.167. The entire arrangement is placed 1 in a uniform 



Faraday's Law and Lena's Law 8.45 

magnetic field with the induction B perpendicular to the 
plane of the annular conductor The axis and the conductor 
are connected to the terrpinals of a current source, Determine 

a. according to which law the current / flowing in the rod 
must Vary for the rod to rotate at a constant angular speed. 
Begin to measure the time from the instant when the rod 
is in its right-hand horizontal position. Consider the. 
current to be positive when it flows from the axis of 
rotation to the annual conductor 

h what the e.m.f. Eo\ the square must be to maintain the 
required current? Consider the total resistance of the 
circuit to be constant and equal to .??, Disregard the 
inductance of the circuit. 

10. A square, conducting wire loop of side L t total mass m and 

total resistance R initially lies in the horizontal xy-plane, 
with comers at (x k y, z) » (0, 0, 0), (0, U 0), 0, 0) and 

(L, Ly 0). There is a uniform upward magnetic field in the 
space within and around the loop. The side of the loop that 
extends from (0, 0, 0) to (L t 0, 0) is held in place on the 
Ar-axis; the rest of the loop Is released, it begins to rotate due 
to the gravitational torque. 

a. Find the net torque (magnitude and direction) that acts 
on the loop when it has rotated through an angle ^from 
its original orientation ontl is rotating downward at an 
angular speed co. 

b. Find the angular acceleration of the loop at the instant 
described in part (a). 

c. Compared to the case with zero magnetic field, does it 
take the loop a longer or shorter lime to rotate through 
90°? Explain. 

d Is mechanical energy conserved as the loop rotates 
downward? Explain. 

11. In Fig. 8.168, CDEF is a fixed conducting smooth frame in 
vertical plane, A conducting uniform rod GH of mass m c^n 
move vertically and smoothly without losing contact with 
the frame. GH always remains horizontal and is given 
velocity u upwards and released. Taking the acceleration 
due to gravity as g and assuming that resistance Is presept 
other than R. Find out the time taken by the rod to reach the 
highestpoinl. 



Fig. 8.168 

12. In Fig. 8.169, ABCD is a Fixed smooth conducting frame in 
horizontal plane. T is a bulb of power 100 W, P is a smooth 
pulley and OQ is a conducting rod. Neglect the self- 

























6.46 Physics for IIT-OEE; Electricity and Magnetism 


inductance of the loop and resistance of any part other than 
the bulb, The mass M is moving down with constant velocity 
10 m/e, Bulb lights at its rated power due to induced e.m.f, 
in the loop due to earth’‘s magnetic field. Find the mass M of 
the block, (g = 10 m/s 2 ) 



13. Fig. 8,170 shows a conducting rod of length /, resistance R 
and mass m moving vertically downward due to gravity, 
Other parts are kept fixed. B = constant = B 0 MNsmd PQ are 
vertical* smooth, conducting rails. The capacitance of the 
capacitor is C, The rod is released from rest, Find the 
maximum current in the circuit. 


u— 



II 






N Q 

Fig. 8.170 


14. The magnetic field of a cylindrical magnet that has a pole 
face radius 2.8 cm can be varied sinusoidally between the 
minimum value 16:8 T and the maximum value 17.2 T at a 
60 

frequency of — Hz. Cross section of the magnetic field 
- , ft 

created by the magnet is shown in Fig. 8.17 L. At a radial 
distance of 2 cm from the axis find the amplitude of the 
electric field (in mN/C) induced by the magnetic field 
variation. 


/X X x\ 

/x X X X \ 

x x w 

\X X X X ) 

\x X X/ 

Fig. 8.171 

15. A long coaxial cable consists of two thin-walled conducting 
cylinders with inner radius 2 cm and outer radius 8 cm. The 
inner cylinder carries a steady current 1A, and the outer 
cylinder provides the return path for that current. The 
current produces a magnetic field between the two 
cylinders. Find the energy stored in the magnetic field for 
length lmofthe cable. Express answer in nj (use ln2 = 0.7). 

16. A rectangular frame ABCD made of a uniform metal wire 
has a straight connection between E and F made of the same 


wire* as shown in Fig. 8,172. AEFD is a square of side lmand 
EB = FC = 0.5 m, The entire circuit is placed in a steadily 
increasing, uniform magnetic field directed into the plane of 
paper and normal to it. The rate of change of the magnetic 
field is 1 T/s. The resistance per unit length of the wire is 
L W/m, Find the magnitudes and directions of the currents 
in the segments AE , and EF , 

X^X X x x Xf X y b X 
X 
X 
X 
X 

X^XXXXX^XXJ^X 



Fig. 8.172 

17. Two fixed long straight wires carry the same current / in 
opposite directions as shown in Fig, 8.173. A square loop of 
side b is fixed in the plane of the wires with its length parallel 
to one wire at a distance a as shown in the figure, 
a. Calculate the induced e.m.f. in the loop if the current in 
both the wires is changing at the rate di/du 
\x What is the direction of force on the loop if di/dt is 
positive? 

W- * -M 

- 1 ^ 

b 


yr 



Fig. 8.173 

18. Two parallel, long, straight conductors lie on a smooth plane 
surface. Two other parallel conductors rest on them at right 
angles so as to form a square of side a initially. A uniform 
magnetic field B exists at right angles to the plane 
containing the conductors. Now they start moving out with 
a constant velocity v. 

a. Will the induced e.m.f. be time dependent? 
lx Will the current be time dependent? 

19. The rectangular wire frame, shown in Fig. 8,174, has a width 
d> mass m, resistance R and a large length. A uniform 
magnetic field B exists to the left of the frame. A constant 
force F starts pushing the frame into the magnetic field at 
/ = 0. 
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Fig. 8.174 
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a Find the acceleration of the frame when its speed has 
increased to v. 

b. Find the terminal velocity of the loop. 

c. Find the velocity at time /. 

20. In Fig. 8.175, ABCEFGA is a square conducting frame of side 
2 m and resistance 1 W/m. A uniform magnetic field B is 
applied perpendicular to the plane and pointing inwards. It 
increases with time at a constant rate of 10 T/s. Find the rate at 
which heat is produced in the circuit,A£ = £C= CD -BH. 




H 


Fig. 8.175 


21. Fig. 8.176 shows a part of a bigger circuit. The capacity of 
the capacitor is 6 mF and decreasing at the constant rate 
0.5 mF s" 1 . The potential difference across the capacitor is 
changing as follows: 


dV_ 

dt 


2 Vs" 1 , 


d 2 V 
dt 7 



2H 

4 n 


Fig. 8.176 

The current in the 4 W resistor is decreasing at the rate of 
1 mA s' 1 . What is the potential difference (in micro-volts) 
across the inductor at this moment? 

22. In the circuits shown in Figs. 8.177 and._8.178, and S 2 are 
switched S 2 remains closed fora long 1 time and5] is opened. 
Now S } is also closed. Just after S\ is closed, find the 

potential difference (V) across R and — (with sign) in L. 

dt 

S \ R S 2 2 R 

— 

1 L ~~ £ 

_I_I 

Fig. 8.177 
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Fig. 8.178 


23. In Fig. 8.179, a rod of length l and mass m moves with an 
initial velocity u on a fixed frame containing ipductor Land 
resistance R. PQ and MN are smooth conducting wires. 
There is a uniform magnetic field of strength B . Initially, 
there is no current in the inductor. Find the total charge 
flown through the inductor by the time, the current in the 
inductor becomes / velocity of rod becomes v { and the rod 
has travelled a distance x. 



Fig. 8.179 


24. A 1.00 mH inductor and a 1.00 mF capacitor are connected in 
series. The current in the circuit is described by I = 20.0 /, 
where t is in seconds and 1 is in amperes. Initially, the 
capacitor has no charge. Determine 

a. the voltage across the inductor as a function of time, 
h the voltage across the capacitor as a function of time, 
c, the time when the energy stored in the capacitor first 
exceeds that in the inductor. 

25. Two capacitors of capacitance 2 C and C, respectively, are 
connected in series with an inductor of inductance L. 
Initially the capacitors have charge such that V n - V A = 4 V 0 
and V c -V o =V 0 . Initial current in the circuit is zero. 


2 C C 

Fig. 8.180 


Find 

a. the maximum current that will flow in the circuit, 
h the potential difference across each capacitor at that 
instant, 

c. the equation of current flowing towards left in the inductor. 

26. Switch S is closed in the circuit at time t = 0. Find the current 
through the capacitor and the inductor at any time t. 



0 


Fig. 8.181 
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27. In the circuit shown in Fig. 8.182, the capacitor is initially 
uncharged and the two-way switch is connected in the 
position BC. Find the current through the resistance R as a 
function of time /. After a time / = 4 ms, the switch is 
connected in the position AC. Find the frequency of 
oscillation of the circuit in the position, and the maximum 
charge on the capacitor C. At what time will the energy 
stored in the capacitor be one half of the total energy stored 

in the circuit? It is given L -2 x 10" 4 H, C“5 mF, & 

and e.m.f of the battery = 1 V. 



B R 


Objective Type 


Fig. 8.182 


Solutions on page 8.106 


1. A horizontal straight conductor when placed along south- 
north direction falls under gravity; there is 

a an induced current from south-to-north direction 

b. an induced current from north-to-south direction 

c. no induced e.m.f. along the length of the conductor 
. d. an induced e.m.f. along the length of the conductor 

2. Two circular, similar, coaxial loops carry equal currents in the 
same direction. If the loops are brought nearer, what will 
happen? 

a. Current will increase in each loop 
. . b. Current will decrease in each loop 

c. Current will remain same in each loop 

d. Current will increase in one and decrease in the other 

3. As shown in Fig. 8.183, a magnetic is moved with a fast speed 
towards a coil at rest. Due to this, induced electromotive force, 

' induced current and induced charge in the coil are#, / and Q , 
respectively. If the speed of magnetic is doubled, the incorrect 
statement is 

i n pnmmnnnnr 

—(§>— 

Fig. 8.183 

a. E increases h I increases 

c. Q remains the same d, Q increases 

4. A rectangular coil ABCD is rotated anticlockwise with 

: a uniform angular velocity about the axis shown in 

Fig. 8.184. The axis of rotation of the coil as well as the 
magnetic field B is horizontal. The induced e.m.f. in the coil 
would be minimum when the plane of the coil 
‘ r . a is horizontal 

- . h makes an angle of 45° with the direction of magnetic field 
. c. is at right angle to the magnetic field 
' v 1 . d makes an angle of 30° with the magnetic field 



Fig. 8,184 

, 5. A rod PQ is connected to the capacitor plates. The rod is 
placed in a magnetic field (B) directed downwards perpe¬ 
ndicular to the plane of the paper If the rod is pulled out of 
magnetic field with velocity v as shown in Fig. 8.185. 

X B X X X X 

X X^ X X X X 

XX \j 

XX v 

X X Q X X X X 

X X X X X X 

Fig. 8.185 

a. plate M will be positively charged 

b. plate N will be positively charged 

c. both plates will be similarly charged 

d no charge will be collected on plates. 

6. A mutual inductor consists of two coils X and Y as shown in 
Fig. 8.186 in which one quarter of the magnetic flux produced by 
A" links with F, giving a mutual inductance Af. 



What will be the mutual inductance when Y is used as the 
primary? 

a. MIA h Mil c. M d 1M 

7. Switch S of the circuit showri in Fig. 8.187 is closed at 
/ = 0. If e denotes the induced e.m.f. in L and i 3 the current 
flowing through current flowing through the circuit at time 
/, then which of the following graphs correctly represents 
the variation of e with i ? 



l 

—MAM-Tmnrr—^ 





Fig. 8.187 ( Contd.) 
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Fig. 8.187 

8. A flexible wire bent in Che form of a circle is place in a uniform 
magnetic field perpendicularly to the plane of the coil. The 
radius of the coil changes as shown in Fig. 8.188. The graph 
of magnitude induced e.m.f. in the coil is represented by 



Fig. 8.188 
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Fig. 8.189 

9, A small coil of radius r is placed at the centre of a large coil 
of radius R> where R » r. The two coils are coplanar. The 
mutual inductance between the coils is proportional to 
a. r!R b. r 2 iR 

c rVR 2 dr //? 2 

10. A thin circular ring of area A is perpendicular to uniform 
magnetic field of induction#. A small cut is made in the ring 
and a galvanometer is connected across the ends such that 
the total resistance of circuit is/?. When the ring is suddenly 
squeezed to zero area, the charge flowing through the 
galvanometer is 

BR_ 

A 


a. 


b. — 


AB 

R 


c. ABR 


d. 


B*A 


11. A circuit contains two inductors of self-inductance L, and 
L 1 in series (Fig. 8.190). If M is the mutual inductance then 
the effective inductance of the circuit shown will be 


mm i 


mm i 


Fig. 8.190 

a. Li+Z^ b Ly+Lz-IM 

c. jL|+Z^+vV/ d Z/j + L-j+^vV/ 

12. In the circuit (Fig. 8.191) what is potential difference 
V B - V A when the current / is 5 A and is decreasing at the rate 
of 10 3 A/s? 


I n 

■MMA/V 


15 V 

-*nh 


5mH 

~rmr 




Fig. 8.191 

a. 0 lx 15 V 

c. 20 V d. 25 V 

13. In the circuit (Fig. 8.192), the current through 30 Cl resistance 
when circuit is completed is 

30 0 



a. 3 A 
c. 5 A 


b 0.1 A 
d. 0.5 A 


14. In an a.c. subxircuiL (Fig. 8. J 93). the resistance R = 0.2 Cl . Al 

a certain instant V A = 0.5 V, / - 0.5 A, — = 8 A/s. Find 

At 


the inductance of the coil. 


A 

o 




R B 

-A/VvVv—o 


Fig. S. 193 

a 0.01H b 0.02 H 

c. 0.5 H d. 0.5 H 

15. A wire is bent to form the double loop shown in Fig. 8.194. 
There is a uniform magnetic field directed into the plane of 
the loop. If the magnitude of this field is decreasing, the 
current will flow from 

xa x x X bx 


X 






n 


X 

X 

X 

Is 


X 

X 

X 



1 I 


X 

X 

X 


X 


a. a to b and c to d 
c. a to b and d toe 


Fig. 8.194 

b b to a and d to c 
d. b to ci and c to d 
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16. A wire of sliding as shown in Fig. 8.195. The angle between 
the acceleration and the velocity of the wire is 



a. 30° b 40° c. 120° d 90° 

17. A conducting ring of radius r is rolling without slipping with 
a constant angular velocity a>(Fig. 8.196). If the magnetic 
field strength is B and is directed into the page then/the 
c.m.f. induced across PQ is 


X X X X X X 



Fig. 8.196 


a. Bcor 2 


Bear 2 

b - 

2 


c. 4BO)r 2 


d. 


ip-^Bco 

8 


18. A 0.1 m long conductor carrying a current of 50 A is 

perpendicular to a magnetic Held of 1.25 mT. The mecha¬ 
nical power to move the conductor with a speed of 1 m s _l is 
a. 0.25 mW b 6.25 mW 

c. 0.625 W d. I W 

19. An electric current 1 is passed through a circular loop of 
folded compeer wire as shown in Fig. 8.197. The magnetic 
induction at the centre of the loop will be 



Fig. 8.197 


a. 0 


2/V 


c. — d. ^ 

r 2 r 

20. A conducting wire jey of length / and masgt'flHs sliding 
without friction on vertical conduction rails ab and cd as 
shown in Fig. 8.198. A uniform magnetic field B exists 
pcrpend-icuJar to the plane of the rails, x moves with a 
constant velocity of 


0 -WM- c 


X 


1 


b 

Fig. 8.198 


- Y 
d 



h 


Bl 2 


mgR mgR 

b 2 i 1 bH 

21. The inner loop has an area of 5 x 10' 4 m 2 and a resistance 
of 2 Cl (Fig. 8.199). The larger circular loop is fixed and has a 
radius of 0.1 m. Both the loops are concentric and coplanar. 
The smaller loop is rotated with an angular velocity of 0 )rad 
s" 1 about linked its diameter. The magnetic flux with the 
smaller loop is 



a. 2*rx lO^weber b n x 10“ 9 weber 

c- frx 10“ 9 cos ox weber d* zero 

22. The coefficient of mutual inductance of two circuits A and B 
is 3 mH and their respective resistances are 10 and 
4 Q. How much current should change in 0.02 s in the circuit 
A, so that the induced current in B should be 0.0096 A? 

a. 0.24 A h 1.6 A 

c. 0.18 A d. 0.16 A 

23. A circuit ABCD is held perpendicular to the uniform 
magnetic field of B = 5 x 10“ 2 T extending over the region 
PQRS and directed into the plane of the paper. The circuit is 
out of the field at a uniform speed of 0.2 ms -1 for 1.5 s. 
During this time, the current in the 5 Cl resistor is 


p Q 

B 

> 5 Q 
< 0,2 ms~ l 
C 

S R 

Fig. 8.200 

a. 0.6 m A from B to C h 0.9 m A from B to C 

c. 0.9 mA from C loB d. 0.6 m A from C to B 

. ■ 24. A square metal wire loop of side 10 cm and resistances l Cl 
is moved with constant velocity v 0 in a uniform magnetic 
field of induction 5 = 2 Wbm“ 2 , as shown in Fig. 8.201. The 
magnetic field lines are perpendicular to the plane of loop 
and directed into the paper. The loop is connected to the 
network of resistances, each of value 3 Cl . The resistance of 
the lead wires is negligible. The speed of the loop so as to 
have a steady current of 1 mA in the loop is 
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a 2 ms" 1 h 2cms _1 

c. 10 ms' 1 d. 20ms“ l 

25. A long solenoid of length L> cross section A having N y turns 
haswound about its centre a small coil of N 2 turns as shown 
in Fig. 8.202. Then the mutual inductance of two circuits is 



_ MoMWN 2 ) 

CL 

L 

c. JU 0 AN { N 2 L 


h /JoAjNM) 
L . 

d 

L 


26. A conducting wire of mass m slides down two smooth 
conducting bars, set at an angle 6to the horizontal as shown 
in Fig. 8.203. The separation between the bars is L The 
system is located in the magnetic field B s perpendicular to 
the plane of the sliding wire and bars. The velocity of the 
wire is 


R 



Fig. 8.203 


a 


c. 


mg R sin 0 
B 2 l 2 
mg R 0 
B 2 l s 


d. 


mg R sin 0 
Bl 3 

mg R sin 6 
Bl* 


27. An e.m.f. of 15 V is applied in a circuit containing 5 H 
inductance and 10 O resistance. The ratio of the currents at 
time i = oo and / = 1 s is 




a. 


e m -\ 


b. 


e 2 -\ 


c. i — e 


r I 


d. ^ 


-[ 


28. In Fig. 8.204 (a) and (a), two air-cored solenoid/ 5 and Q have 
been shown. They are placed near each other. In 
Fig. 8*204 (a), when I P > the current in P, changes at the rate of 


5 A s~\ an e.m.f. of 2 mV is induced in Q. The current in Pis 
then switched off, and the current changing at 2 A s" 1 is fed 
through Q as shown in the figure. What e.m*f* will be 
induced in PI 



Fig. 8.204 


a. 8xl0^V 


tx 2xl0 _3 V 
d. 8 x 10' 2 V 


c. 5 x 10" 3 V 
e. 8 x 10- 1 V 

29. Two different coils have self-inductances L y = 8 mH and 
L 2 - 2 mH. The current in one coil is increased at a constant 
rate. The current in the second coil is also increased at the 
same constant rate. At a certain instant of time, the power 
given to the two coils is the same. At that time, the current, 
the induced voltage and energy stored in the first coil are 7^ 


V y and W 


i, respectively. The corresponding values for 


the second coil are l 2% V 2 and W 2 > at the same resistant, 
respectively. The ratio of I x to I 2 is 


a. — = - 


b. ^ = 4 

U 


/, 2 . 

c. — = - d 

I 2 l 

30. In Q. 29, the ratio of V . to V 2 is 


a. — = - 




= 1 


b. ^ = 4 


c. — = - 

V, 1 


d — = 1 


31. InQ. 29, the ratio of W { to W^is 


32, 


33. 


a. 


Wi 

w, 

w 


= 4 


b. 


W, 

W, 


■ = 4 


c. —- = 1 


d^- = 2 


W 2 

At a place, the value of horizontal component of the earth's 
magnetic field H is 2 x 10“ 5 Wb/m 2 . A metallic ro?l AB of 
length 2 m placed in east-west direction, having the end A 
towards east, falls vertically. Which end of the rod becomes 
positively charged and what is the value of induced 
potential difference between the two ends? 
a. EndA, 3x 10~ 3 mV 
h EndA, 3 mV 
c. End B, 3 x [Or 3 mV 
d End B, 2 mV 

A coil of inductance 0.20 H is connected in series with a 
switch and a cell of e.m.f. 1.6 V. The total resistance of the 
current is 4*0 Q. What is the initial rate of growth of the 
current when the switch is closed? 


a 0.050 As" 1 
c. 0.13 As’ 1 
e. 0.32 As" 1 


h 0.40 As' 
d 8.0 As -1 
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34. A small square loop of wire of side / is placed inside a large 
square loop of side L (L <&: 0). The loops are coplanar and 
their centres coincide. The mutual induction of the system is 


/ 

a. — 
L 

L 

c. — 
t 


b. — 


d. — 


r 

L 

& 

l 


35.. The length of a wire required to manufacture a solenoid of 
length / and self-induction L is (cross-sectional area is 
negligible) 


a. 



c. 



b ' fJT 

j [Mali 


36. Fig. 8.205 shows a copper rod moving with velocity v parallel 
to a long straight wire carrying current = 100 A. Calculate the 
inducede.rn.fi in the rod, wherev = 5ms"\fl = 1 cm >b- 100 cm. 



Fig. 8.205 

a. 0.23 mV - h 0.46 mV 

c. 0.16 mV d. 0.32 mV 

37. A square loop of side a and a straight infinite conductor are 
placed in the same plane with the two sides of a square 
parallel to the conductor (Pig. 8.206). The inductance and 
the resistance are equal to L and /?. The frame is turned 
through 180° about axis 00\ Find the charge that flows in 
the square loop. 


/ J L 


■I o 




• a 


Fig. 8.206 
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nR 

Pola 


a + b 

~r 

2 a + b 


In 


. A-tof—) 

nR l b ) 

i. i n |'£i»'|M 

J2 xR 


2 nR b ■ ^ b 

38. A superconducting ring of radius a and inductance L is 
located in a uniform magnetic field of induction 8. The 
plane of the ring is parallel to B and the current in the ring is 
zero. Then the ring is turned through 90° so that the plane is 
perpendicular to the field. What is the work done in turning 
the ring? 


a. 


n 2 a*8 2 
2 L 


na 2 B 2 

c. - 

2 L 


h 

d 


** a 2 B 2 
2 L 

AV 

4 L 


39. A rectangular loop with a sliding conductor of length l is 
located in a uniform magnetic field perpendicular to the 
plane of the loop (Fig. 8.207). The magnetic induction is B. 
The conductor has a resistance R . The sides AB and CD 
have resistances R { and R 7 > respectively. Find the current 
through the conductor during its motion to the right with a 
constant velocity v. 
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Fig. 8.207 


Blv(R, +R t ) . B^v 

/?) (/?| 4" ) R\ R\ R^i 


BlvjRi+Rj) F/ Z v 

R\R% *4 R(R^ 4 " R 7 > ) R\ ^2 R(R\ ^ 2 ) 

40. A wire of length /> mass m and resistance R slides without 
any friction down the parallel conducting rails of negligible 
resistance (Fig. 8.208). The rails are connected to each other 
at the bottom by a resistanceless rail parallel to the wire so 
that the wire and the rails form a closed rectangular 
conducting loop. The plane of the rails makes an angle 8 
with the horizontal and a uniform vertical magnetic field of 
induction B exists throughout the region. Find the steady- 
state velocity of the wire. 



mg sin 8 
R B 2 I 2 c os 2 $ 


mg sin 2 # 

R B 2 t 2 cos 7 8 


c. 


mgR&in 8 


d. mgR- 


sin 2 8 


B 1 I 1 cos 1 8 * B 2 J 2 cosd 

41. A plane loop, shaped as two square of sides a - 1 m and 
b - 0.4 m is introduced into a uniform magnetic field _L to 
the plane of loop (Fig. 8.209). The magnetic field varies as B 


- 10 -3 sin 100/. The amplitude of the current induced in the 
loop, if its resistance per unit length is r = 50 m" 1 is 
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Fig, 8.209 

a 2 A h 3 A 

c. 4 A d. 5 A 

42. A conductor of mass m=- kg and length = 2 m can 

4 

move without friction along two metallic parallel plates 
in a horizontal plane and connected across a capacitor 
C - 1000 pF (Fig. 8.210). The entire system is in a magnetic 
field of induction B a= 2 T upwards. A constant force F is 
applied to the middle of conductor 1 to it and parallel to 
tracks. The acceleration of the conductor is 



Fig. 8.210 

a. 5 ms" 2 h 4 ms -2 

c. 3 ms" 2 d. 2 ms -2 

43. A conductor of length / and mass m can slide without any 
friction along the two vertical conductors connected at the 
top through a capacitor (Fig. 8.211). A uniform magnetic 
Field B is set up 1 to the plane of paper. The voltage across 
the capacitor in terms of distance * through which 
it falls is 



Fig. 8.211 

a. £/2gx bL Bl Jgx 

c. Blsflgx d. Bxfigi 

44. The inductance L of a solenoid of length /, whose windings 
are made of material of density D and resistivity p x is 
(the winding resistance is R) 


a ^ 

Ant pD 

M 0 R 2 m 

Anl pD 


h A) l*n 
4 ttR pD 

d Ao lm 
2nR p D 


45. A toroid is along a coil of wire, wound over a circular core. 
The coefficient of self-inductance of the toroid is given by 
(radius - >*), when (he magnetic field is within it is uniform 
and R » r 


a. L = 


2 R 


b. L = 


2 R 


c. L = 


R 


d. L = 


2 R 


46. A rectangular loop of sides 10 cm and 5 cm with a cut is 
stationary between the pole pieces of an electromagnet. The 
magnet field of the magnet is norma) to the loop* The current 
feeding the electromagnet is reduced so that the field decreases 
from its initial value of 0.3 T at the rate of 0.02 Ts“'. If the 
cut is joined and the loop has a resistance of 2.0 Cl i the 
power dissipated by the loop as heat is 

a. 5 nW h 4 nW 

c. 3 nW d 2 nW 

47. A straight solenoid has 5000 turns per metre in the primary 
and 200 turns in the secondary. If the area of crosses is 
4 cm 2 , the mutual induction will be 

a. 503 H b. 503 mH 

c. 503 pH d. 5*03 H 

48. The approximate formula expressing the formula induct¬ 
ance of two thin co-axial Loops of the same radius a wken 
their centres are separated by a distance / with / s> a is 

1 p a xa' l ju 0 a A 

*• 2~ b ’ 2 T 


4 n l 1 n P 

49. The length of a thin wire required to manufacture a solenoid 
of length / = 100 cm and inductance L = l mH, if the 
solenoid’s cross-sectional diameter is considerably less 
than its length is 

a. 1.0 km b. 0.10 km 

c. 0.010 km d. 10 km 

50. Find the inductance of a solenoid of length / whose winding 
is made of copper wi re of mass in. The winding resistance is 
equal to R. The solenoid is considerably less than its length. 


51 




e. 


AjzmipPn 

A) 


b. 


PJPPo 

*AnmR 


d. None of these 


4/r >pp 0 

In a long straight solenoid with cross-sectional radius a and 
number of turns per unit length n, the current varies with the 
rate / A/s. The magnitude of the eddy current field strength 
as a function of distance r from the solenoid axis is 

, , r 1 


a. - 


\ n f 

2 


c. 


A/ 

»/ rt 2 

Mo r 


\_l_a_ 

2 p 0 r 

J_ // 0 n / a 1 
2 — 


52. A 22 cm long solenoid, having total number of turns 1000, 
consists of a core of cross-sectional area 4 cm 2 . Half 
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portion of the core consists of air and other half is made 
of iron of relative permeability 500. The self- inductance of 
the solenoid is 

a. 0.57 H b. 0.64 mH c. 0.057 H d. 57.0 H 
53. Magnetic flux linked with a stationary loop of resistance R 
varies with respect to time during the time period T as 
follows: 


<p=aT(T-r) 


The amount of heat generated in the loop during that time, 
(inductance of the coil is negligible) is 

aT a 2 T 2 a 2 T 2 . a 2 T 2 

a. — h - c. - d - 

3 R 3 R R 3 R 


54. A current in a coil of self-inductance 2.0 H is increasing as 
i = 2 sin t 2 . The amount of energy spent during the period 
when the current changes from 0 to 2 A is 

a. 1 Jf b. 2 J c. 3 J d. 4 J 

55. A thin ring of radius 10 cm carries a uniformly distributed 
charge. The ring rotates at a constant speed of 1200 r.p.m. 
about its axis ± to the plane. The charge on the ring if 

. 5“ 3.14 x 10" 9 Tat the centre is 
a. 10“ 5 C b. 2x 10“ 5 C 

c. 2.5 x 10" 5 C d. 5.2 x 10’ 5 C 

56. A small magnet is along the axis of a coil and its distance 
from the coil is 80 cm. In this position, the flux linked with 
the coil is 4 x 10" 5 weber. If the coil is displaced 40 cm 
towards the magnet in 0.08 s, then the induced e.m.f. 
produced in the coil will be 

a* 0.5mV h lmV c. 7mV d -4 mV 

57. In the circuit shown (Fig. 8.212), X is joined to yfor a long 
time and then X is joined to Z. The total heat produced in 
R 2 is 


*2 


-V\AM-1 

L 


“wrmr- 


-Ih — 

—vww—1 


Ai 


Fig. 8.212 


LE 2 LE 2 J LE 2 R 2 

-7 c - - 1 - d. - 7T- 

2R 2 2R l R 1 2 R* 

58. A cylindrical space of radius R is filled with a uniform 
magnetic induction B parallel to the axis of the cylinder. If B 
changes at a constant rate, the graph showing the variation 
of induced electric field with distance r from the axis of 
cylinder is 





Fig. 8.214 

59. A small circular loop of radius r is placed inside a circular 
loop of radius R(R^> r). The loops are coplanar and their 
centres coincide. The mutual inductance of the system is 
proportional to 

a. r/R b. f^/R c. r/R 2 d. r 2 /R 2 

60. A circular coil of wire consists of exactly 200 turns with a 
total resistance 0.20 Cl. The area of the coil is 100 cm 2 . The 
coil is kept in a uniform magnetic field B as shown in 
Fig. 8.215. The magnetic field is increased at a constant rate' 
of 2 T/s. The current induced in the coil (state the sense of"' 
induced current) is 



a 13A h 5A 

c. 10 A d. 20 A 

61. A flip coil consists of V turns of circular coils which lie in a 
uniform magnetic field. Plane of the coils is perpendicular 
to the magnetic field as shown in Fig. 8.216. The coil is 
connected to a current integrator which measures the total 
charge passing through it. The coil is turned through 180° 
about the diameter. The charge passing through the coil is 



NBA 

R 




Fig. 8.216 
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621 An elasticized conducting band is around a spherical 
balloon (Fig. 8.217). Its plane passes through the centre of 
the balloon. A uniform magnetic Held of magnitude 0.04 T 
is directed perpendicular to the plane of the band. Air is let 
out of the balloon at 100 citvVs at an instant when the radius of 
the balloon is 10 cm. The induced e.m.f in the band is 



a. 15 pV h 25 pV c, 10 pV d 20 pV 

63. A copper rod is bent into a semi-circle of radius a and at 
ends straight parts are bent along diameter of the semi-circle 
and are passed through fixed, smooth and conducting ring 
O and O’ as shown in Fig. 8.218. A capacitor having 
capacitance C is connected to the rings. The system is 
Located in a uniform magnetic field of induction B such that 
axis of rotation OO ' is perpendicular to the field direction. 
At initial moment of time (/ = 0), plane of semi-circle was 
normal to the field direction and the semi-circle is set in 
rotation with constant angular velocity Ct). Neglecting 
resistance and inductance of the circuit. The current flowing 
through the circuit in function of time is 


a ^,7*^7 h 

dt dt 

c. d . 1^/7777 

2 dt 2 dt 

65. Charge Q is uniformly distributed on a thin insulating ring 
of mass m which is initially at rest. To what angular velocity 
will the ring be accelerated when a magnetic field B , 
perpendicular to the plane of the ring, is switched on ? 

a . b . c . d . -&L 

2m 2m m 4 m 

66. The length of a thin wire required to manufacture a solenoid 
of inductance L and length /, if the cross-sectional diameter 
is considered less than its length is 



67. Calculate the inductance of a unit length of a double tape 
line as shown in Fig. 8.220. If the tapes are separated by a 
distance h which is considerably less than their width b. 




a. -xco 2 a 2 CBco&a)i 
4 

c. i xco 2 a 2 CB sin cot 
4 


J 9 9 

b, -mo a CB cos cot 
2 

d. — XCQ 2 a 2 CB cot 

2 


64. A uniform magnetic field of induction B fills a cylindrical 
volume of radius/?. A rodAiSoflength 2/is placed as shown 
in Fig. 8.219. If B is changing at the rate c\B!dt y the e.m.f. that 
is produced by the changing magnetic field and that acts 
between the ends of the rod is 





ju Q h 


c. 


w 


'j2ju Q h 


b 2b b b 

68. Find the inductance of a unit length of two paral lei wires each 
of radius a whose centres are a distance d apart carry equal 
currents in opposite directions. Neglect the flux within the 
wire. The wires carry current in opposite directions. 


2n 




b. 

it \ a 

d. *L\J d ~ a 

3 7t 


69. Fig. 8.221 shows a rectangular coil near a long wire. The 
mutual inductance of the combination is 


l|A 



Fig. 8.219 
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Fig. 8.221 
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70. In the given circuit (Fig. 8.222), the current through the 5 mH 
inductor in steady state is 

! 5 mH 

I rmirn_ 

hnnnnr 1 

10 mH 

I-MV-1 

Fig. 8.222 

2 A u 8 . 1 . . 2 a 

a. —A h. —A c. -A d —A 

3 3 3 3 

71. In the electrical network at t < 0 (Fig. 8.223), key was placed 
on (1) till the capacitor got fully charged. Key is placed on 
(2) at /=0. Time when the energy in both the capacitor and 
the inductor will be same for the first time is 



Fig. 8.223 


h —TIC c. -JIc 

4 4 3 3 

72. The total heat produced in the resistor R in an RL circuit when 
the current in the inductor decreases from 7 0 to 0 is 

a .L$ b ~ul c- l LI a d [ -Ul 

73. In the circuit shown (Fig. 8.224), X is joined to Y for a 
long time and then X is joined to Z. The total heat produced 
in R 2 is 


AMM-1 



E R t 


Fig. 8.224 

LE 2 ' . LE 2 

a. — T b — r 

2R? 2 R} 

LE 2 J LE 1 R 1 

C. - d - 

2R i R i 2 Rf 

74. In the circuit shown (Fig. 8.223), the cell is ideal. The coil has 
an inductance of 4 H and zero resistance. F is a fuse of zero 
resistance and will blow when the current through it reaches 
5 A. The switph is closed at / = 0. The fuse will blow 



Fig. 8.225 

a. almost at once. tx after 2 s 

c. after 5 s d. after 10 s 

75. In the circuit shown (Fig. 8.226), the coil has inductance and 
resistance. When X is joined to Y> the time constant is / 
during the growth of cunrent. 

- HYWT - 

- 1 .- .7 

*x 

z 


Fig. 8.226 


When the steady state is reached, heat is produced in the 
coil at a rate P. X is now joined to Z 
a. The total produced in the coil is Pr 


h The total heat produced in the coil is - Pt 

2 


c. The total heat produced in the coil is 2Pr 
d The data given are not sufficient to reach a conclusion 

76. A cylindrical space of radius R is filled with a uniform 
magnetic induction B parallel to the axis of the cylinder 
(Fig. 8.227). If B changes at a constant rate, the graph 
showing the variation of induced electric field with distance 
/from the axis of cylinder is: 




Fig. 8.227 

77. A conductor PQ> with PQ-r moves with a velocity v in a 

uniform magnetic field of induction B . The e.m.f. induced 
in the rod is 
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a. (v xfi)-? h n (rxfl) 

c. fi-(Fxw) d |?x(vxfi)| 

78* A vertical ring of radius r and resistance R falls vertically. It 
is in contact with two vertical rails which are joined at the 
top. The rails are without friction and resistance. There is a 
horizontal uniform magnetic field of magnitude B 
perpendicular to the plane of the ring and the rails. When 
the speed of the ring is v, the current in the top horizontal of 
the rail section is 


a. 0 


2Brv 


4 Brv 

c. - 

R 


_ 8 Bw 

d - 

R 


79. A long solenoid having 200 turns per cm carries a current of 
1.5 A, At the centre of the solenoid is placed a coil of 100 
turns of cross-sectional area 3.14 x l O' 4 m 2 having its axis 
parallel to the field produced by the solenoid. When the 
direction of current in the solenoid is reversed within 0.05 s, 
the induced e.m.f. in the coil is 

a. 0.48 V b. 0.048 V 

c. 0.0048 V d. 48 V 

80. A uniform but timp-varying magnetic field B(i) exists in a 
circular region of radius a and is directed into the plane of 
the paper as shown in Fig. 8.228. The magnitude of the 
induced electric field at point Fat a distance from the centre 
of the circular region 



a. is zero h decreases as — 

r 

c. increases as r d. decreases as -4 

r 2 

81. In an LR circuit connected to a battery of constant e.m.f. E 
switch S is closed at time / = 0 (Fig. 8.229). If e denotes the 
1 induced e.m.f. across the inductor and i the current in the 
circuit at any time L Then^ which of the following graphs 
1 shows the variation of e with /? 



82. A rectangular loop with a sliding connector of length i- 1.0 m 
is situated in a uniform magnetic field B = 2 T perpendicular 
to the plane of loop. Resistance of connector is r = 2 Cl. 
Two resistances of 6 and 3 £2 are connected as shown in Fig. 
8.230, The external force required to keep the connector moving 
with a constant velocity v = 2 m/s is 



Fig. 8.230 


a 6N h 4N ' c.2N d IN 

83. A metal rod of resistance 20 Cl is fixed along a diameter of a 
conducting ring of radius 0.1 m and lies on x-y plane. There 

is a magnetic field B = (50 T) k . The ring rotates with an 
angular velocity a> = 20 rad/s about its axis. An external 
resistance of 10 Cl is connected across the centre of the ring 
and rim. The current through external resistance is 

a, - h - c. - dO 

4 2 3 

84. Some magnetic flux is changed from a coil of resistance 
10 Cl, As a result an induced current is developed in it, which 
varies with time as shown in Fig. 8.23 L The magnitude of the 
change in flux through the coil in webers is 


1(A) I 


>- '(s) 


Fig. 8.231 

a. 2 h 4 c.6 d 8 

85. In an LR circuit connected to a battery, the rate at which 
energy is stored in the inductor is plotted against time 
during the growth of current in the circuit. Which of the 
following best represents the resulting curve? 


Rale 



Time 






d. 



Time 



Fig. 8-232 

86. Two coils are at fixed locations.'When coil 1 has no current 
and the current in coil 2 increases at the rate 15.0 A/s the 
e.m.f. in coil 1 is 25.0 mV, when coil 2 has no current and coil 
1 has a current of 3.6 A, the flux linkage in coil 2 is 


Fig. 8.229 
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a. 16mWb b JOmWb 

c. 4.00mWb d 6.00 mWb 

87. Two concentric and coplanar coils have radii a and b (» a) 
as shown in Fig. 8.233. Resistance of the inner coil is R . 
Current in the outer coil is increased from 0 to then the 
total charge circulating the inner coil is 



Fig. 8.233 


2 Rb 

Pgiab nb 1 


2 R 

Mojb 
2nR 


2 a R 

88. A currem / 0 is flowing through an L-R circuit of time 
constant / 0 . The source of the current is switched off at time 
t = 0. Let r be the value of (-di/dt) at time r = 0. Assuming 
this rate to be constant, the current will reduce to zero in a 
time interval of 

a r 0 b et 0 

e 

89. A metal disc of radius a rotates with a constant angular 
velocity co about its axis. The potential difference between 
the cenire and the rim of the disc is (m = mass of electron, 
e = charge on electron) 


* 


2 2 
mar a 


1 2 
ear a 


1 maP'a 1 


2m 


b -; . 

. ea> 2 a 2 

d*- 

m 


90. 


The radius of the circular conducting loop shown in 
Fig. 8.234 is R< Magnetic field is decreasing at a constant 
rate a. Resistance per unit length of the loop is p. 



91 


from B to A 


Fig. 8*234 

Then, the current in wire AB is (AB is one of the diameters) 

Ra 

h '~ P 

2Ra 
c ‘ V 

A currem of 2 A is increasing ai a rate of 4-A/s through a coil 
of inductance 2 H. The energy stored in the inductor per 
unit time is 
a. 2 J/s 


Ra , 

— from A to B 
2 P 


from A to B 


d* 0 


92. A conducting rod PQ of length L = 1,0 m is moving with 
a uniform speed v = 2.0 m/s in a uniform magnetic field 
B = 4.0 T directed into the plane of the paper. 


X 

u* 

X p 

X 

X 

Xa_ 

X 

X X 
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Xi 
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X 

X 

X 

X Q 

X X 


Fig. 8.235 

A capacitor of capacity 10 pF is connected as shown in 
Fig. 8.233, then 

a* q A = + 80 pC and q B = - 80 pC 
b* q A = - 80 pC and q B = + 80 pC 
c.4U = 0 = <fo 

d* charge stored in the capacitor increases exponentially with 
time 

93. A long conducting wire AH is moved over a conducting 
triangular wire CDE with a constant velocity v in a uniform 

magnetic field B directed into the plane of the paper. 
Resistance per unit length of each wire is r. Then 



Fig. 8.236 

a. a constant clockwise induced current will flow in the 
closed loop 

b. an increasing anticlockwise induced current will flow in 
the closed loop 

c. a decreasing anticlockwise induced current will flow in 
the closed loop 

d. a constant anticlockwise induced current will flow in the 
closed loop 

94. A horizontal wire is free to slide on the vertical rails of a 
conducting frame as shown in Fig. 8.237. The wire has a 
mass m and length l and the resistance of the circuit is R. 
If a uniform magnetic field B is directed perpendicular to 
the frame, the terminal speed of the wire as it falls under the 
force of gravity is 






XXX 


XXX 


b 1 J/s 


c* 16 J/s d 4 J/s 


Fig. 8.237 
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95. A square coil ACDE with its plane vertical is released from 
rest in a horizontal uniform magnetic field B of length 2 L 
(Fig. 8.238). The acceleration of the coil is 
C,-1 D T 

v 


2L 


A 1 - 

X X 


U 

l £ 

X X B' 


X 

1 X 


X 

X 



Fig. 8.238 

a. less than g for all the time till the loop crosses the magnetic 
field completely 

b. less than g when it enters the field and greater than g 
when it comes out of the field 

c. g all the time 

d. less than g when it enters and comes out of the field but 
equal to g when it is within the field 

96. A conducting wire frame is placed in a magnetic field which 
is directed into the plane of the paper (Fig. 8.239). The 
magnetic field is increasing at a constant rate. The directions 
of induced currents in wires AB and CD are 

X 
X 
X 
X 
_ X 

Fig. 8.239 

a. B to A and D to C 

b. A to B and C to D 

c. Ato B and D to C 

d. £ to A and C to D 

97. An equilateral triangular loop ADC having some resistance 
is pulled with a constant velocity v out of a uniform 
magnetic field directed into the paper (Fig. 8.240)* At time t = 
0, side DC of the loop is at edge of the magnetic field. 

X 
X 
X 
X 
X 

Fig. 8.240 

The induced current ( i) versus time (/) graph will be as 



b. 






d* /A 





Fig. 8.241 

98. In the circuit shown in Fig* 8*242, switch S is closed at time t 
= 0. The charge that passes through the battery in one time 
constant is 

r^mnnnr^vwNA/—i 


Hjr 


E ° 

Fig. 8.242 
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99. Fig. 8.243 shows a square loop of side 0.5 m and resistance 
10 £1. The magnetic field has a magnitude B - K0 T. The 
work done in pulling the loop out of the field slowly and 


uniformly in 2.0 s is 

X X 

X 

X 


X X 

X 

X 

->- V 

X X 

X 

X 


Fig. 8.243 


a. 3,125xlO” 3 ; 


h 6.25 x KT 4 , 

c. 1.25 X 10- 2 J 


d. 

5.0 xlO -4 J 


100. A copper rod of mass m slides under gravity on two smooth 
parallel rails l distance aparted set at an angle 6 to the 
horizontal (Fig. 8.244). At the bottom, the rails are joined by 
a resistance R. There is a uniform magnetic field 
perpendicular to the plane of the rails. The terminal velocity 
of the rod is 



c. 


mgR cos 6 

bY 

mgR tan 6 


B 


2,2 


d. 


mg/? sin 9 
B 2 ! 2 

mgR cot 9 

~~Wi~ 


101. A rectangular loop of wire with dimensions shown 
in Fig* 8.245 is coplanar with a long wire carrying current/. 
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The distance between the wire and the left side of the loop is 
r. The loop is pulied to the right as indicated. What are the 
directions of the induced current in the loop and the 
magnetic forces on the left and the right sides of the loop 
when the loop is pulled? 


/ j, b 


a 

Fig, 8,245 


Induced 

current 

Force on 
leftside 

Force on 
right side 

a Counterclockwise 

To the left 

To the left 

b. Counterclockwise 

To the right 

To the left 

c. Clockwise 

To the right 

To the left 

d. Clockwise 

To the left 

To the right 


102. A bar magnet was pulled away from a hollow coil A as 
shown in Fig. 8.246. As the south pole came out ofthe coil, 
the bar magnet next to hollow coil B experienced a magnetic 
force 



Fig. 8,246 


a. to the right b to the left 

c. upwards d. equal to zero 

103. The four wire loops shown in Fig. 8.247 have vertical edge 
lengths of either L, 2L or 3 L They will move with the same 
speed into a region of uniform magnetic Field B directed 
out of the page. Rank them according to the maximum 
magnitude of the induced e.m.f greatest to least. 



12 3 4 


Fig, 8.247 

a. 1 and 2 tie, then 3 and 4 tie 

b. 3 and 4 tie, then 1 and 2 lie 

c. 4, 2, 3, l 

d. 4 then, 2 and 3 tie and then 1 


104. A rod lies across frictionless rails in a uniform magnetic Field 
B as shown in Fig. 8.248. The rod moves to the right with 
speed v. In order for the induced e.m.f. in the circuit to be 
zero, ihe magnitude of the magnetic field should 




® ® 


® 

<8> 


Fig. 8.248 

a. not change 

b. increase linearly with time 

c. decrease linearly with time 

d. decreasenonlinearly with lime 

105. In the given circuit diagra^n (Fig. 8.249), the key K is switched 
on at / = 0. The ratio of the current / through the cell at / = 0 
to that at t = <*> will be 




L 

1W 


3 R 

-AAM/V-i 


c 

-AAA/W- 

6R 


—WW\n 


Fig. 8.249 

a 3: 1 b l :3 c. 1:2 dL2:l 

106. The current through ihe coil in Fig. 8.250(a) varies as shown 
in Fig. 8.250(b). Which graph in best shows the ammeter A 
reading as a function of time? 





Fig, 8.251 
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107. The potential difference Vand current I flowing through the 
AC circuit is given by V-5cos(o>/-/z/6) volt and 7= 10 sin/ 
ampere. The average power dissipated in the circuit is 

a. W b. 12.5 W 

c. 25 W d. 50 W 

108. A closed loop of cross-sectional area \(T 2 m 2 which has 
inductance L = 10 mH and negligible resistance is placed 
in a time-varying magnetic field. Fig. 8.252 shows the 
variation of B with time for the interval 4 s. The field is 
perpendicular to the plane of the loop (given at / = 0, B = 0, 
i = 0). The value of the maximum current induced in the- 
loop is 

5(r)> 

0.1 


/(s) 



Fig. 8 >25 2 


a. 0.1 mA h 10 mA 

c. 100mA d. Data insufficient 

109. In Fig. 8.253, the key K is closed at/ =0. After a long time, the 
potential difference between A and B is zero, the value of R 
will be [r, = = 10, E { = 3 V and = 7 V, C = 2 pF, 

L = 4 mH, where r L and r 7 are the internal resistances of 
cells E\ and E 2 , respectively]. 


a. — Cl 
3 

c. -a 
3 

4* 


h -n 

9 

d. 4fi 


pAA/WU^MJL, 

n = )n 
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k l 


E, = 3Vr, = I a 


Fig. 8.253 


110. An electron moves on a straight line path YY' as shown in 
Fig. 8.254. A coil is kept on the right such that YY' is in the 
plane of the coil. At the instant when the electron gets 
closest to the coil (neglect self-induction of the coil) 


r 



Y 


Fig. 8.254 


a. the current in the coil flows clockwise 

b. the current in the coil flows anticlockwise 

c. the current in the coil is zero 

d. the current in the coil does not change the direction as 
the electron crosses point O 

111. A solenoid of inductance L and resistance r is connected in 
parallel to a resistance R. A battery of e.mX E and of 
negligible internal resistance r is connected across this 
parallel combination. At t = 0 switch 5 is opened. 

a. Current in the inductor just after opening of the switch is 
_ E(r + R) 

rR . 

b. Total energy dissipated in the solenoid and the resistor 

1 E 2 (R -h r) 2 

long time after opening of the switch is -L —-r—j— 

2 r R 

c. The amount of heat generated in the solenoid due to the 

. E 1 L 

opening of the switch is —-— 

2 /■(/' + R) 

d. The amounl^of heat generated in the solenoid due to the 


\ 

opening of the switch is 


E 2 L 


2 R(r + R) 

112. The cell in the circuit shown in Fig. 8.255 is ideal. The coil has 
an i nductance of 4 mH and a resistance of 2 mQ. The switch is 
closed at / = 0. The amount of energy stored in the inductor 
at t = 2 s is (take e = 3) 


£ = 2V^r 




S 


Fig. 8.255 


L = A mH 


c. -xlO -3 J 
3 


h -xlO 3 J 
9 

d. 2x 10 3 J 


113. The switch 5 shown in Fig. 8.256 is closed for / < 0 and is 
opened at t = 0. When currents through L\ and L^ are first 
equal, their common value is 


4, * 

trE 


\ 


E 

a — 
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EL, 


Fig. 8.256 




R(k+k) R k 

114. In Fig. 8.257, the mutual inductance of a coil and a very long 
straight wire is M, the coil has resistance R and the self- 
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inductance L. There is an infinite wire which lies in the same 
plane as that of the coil. The current in the wire varies 
according to the law / = at, where a is a constant and / is the 
time, the time dependence of current in the coil is 




Fig. 8.257 


a 


~^R 


h MaRe 


- !UjL 




M fR J L 
c. —e 
R 

115. in Fig. 8,258, there are two sliders and they can slide on two 
fact ionless parallel wires in uniform magnetic field 5, which 
is present everywhere. The mass of each slider is m t 
resistance/? and initially these are at rest. Now, if one slider 
is given a velocity v 0 , the velocity of other slider after 
considerably long time will be (neglect the self-induction) 



a — 


c. v D 


2 

d. 0 


116. In Fig. 8.259, there exists a uniform magnetic field B into the 
plane of paper Wire CD is in the shape of an arc and is fixed. 
OA and OB are the wires rotating with angular velocity £>as 
shown in Fig. 8.257 in the same plane as that of the arc about 
point 0 . If at some instant OA^OB-l and each wire makes 
angle 6- 30° withy-axis, then the current through resistance 
R is (wires OA and 05 have no resistance) 



c. 


Bear 


Bed 1 


2 R 4 R 

117. In the circuit shown in Fig. 8.260, the switch 5 is shifted to 
position 2 from position 1 at / = 0, having been in position 1 


for along lime. The current in the circuit just after shifting of 
switch will be (battery and both the inductors are ideal) 
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Fig. 8,260 
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118. 


„ 5 £ A £ 

c.- a — 

9 R R 

, A cylindrical region of uniform magnetic field exists 
perpendicular to the plane of paper which is increasing at a 
dB 

constant rate — = a. The diameter of the cylindrical region 
dt 

is L A non-conducting rigid rod of length l having two 
charged particles is kept fixed on the diameter of cylindrical 
region w.r.t. inertial frame. If two charged particles having 
charges B each is kept fixed at the ends of the non¬ 
conducting rod. The net force on any one of the charge q is 



Fig. 8.261 


qloc 

~4~ 


qla 


k 2 

c. 0 d. qta 

119. In Fig. 8.262, there is a conducting ring having resistance 
R placed in the plane of paper in a uniform magnetic field 
5 0 . If the ring is rotating about in the plane of paper about 
an axis passing through point O and perpendicular to the 
plane of paper with constant angular speed a) in clockwise 
direction, then 



B X 


a. point A will be at higher potential than O 

b. the potential of point B and C will be same 
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c. the current in the ring will be zero 


d the current in the ring will be 


2 B 0 (Or 2 
R 


120. An ideal coil of 20 H is joined in series with a resistance 
10Q and an ideal battery of 10 V. After 2 s the current flowing 
(in A) in the circuit will be 

a. e b. e" 1 

c* (1 — e -1 ) d. (1-*) 

121. The capacitance in an oscillatory LC circuit is increased by 
1%. The change in inductance requited to restore its 
frequency of oscillation is to 

a decrease it by 0,5% h increase it by 1% 

c. decrease it by 1% d decrease it by 2% 

122. A square conducing loop of resistance 1 ft and side 10 cm 
is moved with a constant velocity partly inside a magnetic 
field of 2 wb/m 2 , directed into the paper as shown. The loop 
is connected to network of five resistors each of 4 ft 
resistance. If a steady current of 0.1 A flows in the loop, then 
the speed of the loop is 

a* 0.5 m/s b. 2 m/s 

c. 2 cm/s d. 2,5 m/s 


XXX 



Fig. 8.263 

123. A square conducting loop of side Lis situated in gravity-free 
space. A small conducting circular loop of radius r (r L) 
is placed at the centre of the square loop, with its plane 
perpendicular to the plane of the square loop. The mutual 
inductance of the two coils is 

a W2 /Iq/ ^ ^/Vo r 2 

L * L 

c. 0 , d none of these 

124. A vertical ring of radius r and resistance R slips vertically 
between two frictionless and resistanceless vertical rails 
(Fig. 8.264). The rails are joined at the top. There is a uniform 
magnetic field B perpendicular to plane of the ring and the 
rails. When the speed of the ring is v, the current in the 
section PQ is 



Fig. 8.264 


a. 0 h 2 BrvIR 

c. ABrvIR d. 8 BrvIR 

125. In the circuit shown in Fig, 8,265 the switch S was initially at 
position 1. After sufficiently long time, the switch S was 
thrown from position 1 to position 2, What will be the 
voltage drop across the resistor after long time shifting 
switch from 1 to 2? 


R s 

r J — 

L 


• 2 


a. 0 


Fig. 8.265 

h E 


c. — LC d none of these 

126. A rod PQ of mass m and length / can slide without friction 
on two vertical conducting semi-infinite rails, It is given a 
velocity V 0 downwards, so that it continues to move 
downward with the same speed V 0 on its own at any later 
instant of time. Assuming $ to be constant everywhere, the 
value of V 0 is 


r^AAA^ 

R 


®B 

®b 

®B 

®B 


Q 


g 




Fig. 8.266 

_ mgR ■ i_ mgR 

a. * * D, * * 

2 B 2 L 2 D 2 t} 

c. 0 d any value 

127. In the circuit of Fig. 8.267, (1) and (2) are ammeters. Just after 
key K is pressed to complete the circuit, the reading is 

C R 

p®-1!-WWri 

©- 

-**-1,- 

E 

Fig. 8.267 

a. maximum in both 1 and 2 

b. zero in both 1 and 2 

c. zero in 1, minimum in 2 

d. maximum in 1, zero in 2 
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128. In the space shown a non-uniform magnetic field 
5 = 5 0 (1 +jt)£ tesla is present. A closed loop of small 
resistance! placed in the xy plane is given velocity v 0 . The 
force due to magnetic field on the loop is 


X 

X 

X 

X 

X 



X 

X 

X - 


X X X X 
X X jfV* X 

X X X X 

x x %~ x x 


Fig. 8.268 


& zero b. Along +x direction 

c. along -x direction d. along +y direction 

129. There is a uniform magnetic field B in a circular region of 
radius R as shown in Fig. 8.269 whose magnitude changes at 
the rate of dB/dt. The e.m.f. induced across the ends of a 
circular concentric conducting arc of radius having an 
angle das shown (Z OAO' = 8) is 



Fig. 8.269 


0 n 2 dB 

a. 

2 K dt 

9 n2 dB 
c. — R 2 — 
2n dt 


. dB 
b -R 2 — 

2 dt 

d. none of these 


130. The power factor of the circuit in Fig. 8.270 is \/\l2 . The 
' capacitance of the circuit is equal to 


2 m (looo 

— 0 — 



Fig. 8.270 


a. 0.2 h 0.4 c. 0.8 d 0.6 

132. A gold rod of length £ is accelerated in the horizontal 
direction with an acceleration The rod is held between 
two perfectly insulating clamps. Calculate the electric field 
set up in the rod. Take the mass of electron as m, 

a. E = ^ b. E = ma 0 i 

e 

c. zero d none of these 

133. An electron moves on a straight line path YY* as shown. A 
coil is kept on right hand side of the path. OO' is 
perpendicular to YY\ At this instant! 



Fig. 8.272 

a the current in the coil flows clockwise 

b. the current in the coil flows anticlockwise 

c. the current in thecoil is zero 

d. the current in the coil does not changfe direction as the 
• electron crosses point 0 

134. Two long solenoids having their radii R ( and R 2 and number 
of turns jV| and N 2 carry currents and / 2 , respectively. If 

1 4 1 

the ratio of R\!R 2 - -» N{IN 2 = y and ij/i 2 = - the ratio of 

their self-inductances L\!L 2 will be (ignore mutual 
inductance) 

a. 1:2 tx 2:1 c. 1:4 ■ d 1:1 

135. At any time f* 0 < / < (excluding the cases/ -»0 and t ->«)» 
the equivalent,resistance between A and B is 

&. R[ + + R$ b. R { + 

c. R[ + R$ d none of these 

136. In Fig. 8,273. a square loop PQRS of side a and resistance r 
is placed near an infinitely long wire carrying a constant 
current /. The sides PQ and RS are parallel to the wire. The 
wire and the loop are in the same plane, The loop is rotated 
by 180° about an axis parallel to the long wire and passing 
through the mid-points of the sides QR and PS. The total 
amount of charge which passes through any point of the 
loop during rotation is 


a 400|UF lx 300|lF c. 500 pF d 200 pF 

131. Power factor ofthe-eircuit given in Fig. 8.271 will be 


200 V£s 
50 HzV 


*40n 


X\ = ioo n 
r=4on 

irmr 



i 

i 



Fig. 8.271 


Fig. 8.273 
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H^la 


ln2 


f^la 


In 2 


c. ^£. 
2nr 


2nr nr 

d. Cannot be found because time of rotation is not given. 

137. A wooden stick of length it is rotated about an end with 
constant angular velocity 0) in a uniform magnetic field B 
perpendicular to the plane of motion. If the upper one-third 
of its length is coated with copper, the potential difference 
across the whole length of the stick is 



9 Bat 2 


c. 


5 Ba>r 


Fig. 8.274 


d. 


4 Bcor 


Ba>r 


138. PQ is an infinite current-carrying conductor. AB and CD are 
smooth conducting rods on which a conductor EF moves 
with constant velocity V as shown. The force needed to 
maintain constant speed of EF is 


A 

i , 

r r 

-vwj< 

£> i- 

V 

* a * 

i - 

b 

B 


Fig. 8.275 




MolV 

2n 


In 


d. - 


MplV 

In 


afi 

“0 


139. Loop A of radius r « R moves towards loop B with a 
constant velocity V In such a way that their planes are 
always parallel. What Is the distance between the two loops 
( x ) when the induced e.m.f. in loop A is maximum 



a R 


R 

c. — 
2 


4 

& 




140* Rate of increment of energy in an inductor with time in 
series LR circuit getting charge with a battery of e.m.f, E is 
best represented by (Inductor has initially zero current) 

i 


dU_ 

dt 



dV 

dt 




141, A wire of fixed length is wound on a solenoid of length i and 
radius r. Its self-inductance is found to be L. Now, if the same 

1 t 

wire is wound on a solenoid of length - and radius ->then 

2 2 

the self-inductance will be 
a. 2 L h L c. 4L d 8L 

142* When the current in a oertain inductor coll is 5.0 A and is 
decreasing at the rate of 10,0 As" 1 * the potential difference is 
60 V. The self-inductance of the coil is 
a. 2 H b. 4 H c. 8 H d. 12H 

143* Fig. 8.278 shows three regions of magnetic field each of area 
A * and in each region magnitude of magnetic field decreases 

at a'Constant rate a. If & is the induced electric Held* then 
value of the line integral <§E’dr along the given loop is 
equal to 



a aA h - aA c. 3 aA d -3 aA 

144. In an ideal transformer* the voltage and the current in the 
primary are 200 V and 2 A* respectively, If the voltage in the 
secondary is 2000 V, then the value of current in the 
secondary will be 

a* 0.2A . b. 2 A c, 10A d.20A 

145. A superconducting loop of radius R has self-inductance L. 
A uniform and constant magnetic field B is applied perpen¬ 
dicular to the plane of the loop. Initially current in this loop 
is zero. The loop is rotated by 180*, The current in the loop 
after rotation is equal to 
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a. 0 


b. 


BkP?_ 

L 


IBnR 2 BnR 2 

c. - d. - 

L 2 L 

146. A semicircular wire of radius R is rotated with constant 
angular velocity about an axis passing through one end and 
perpendicular to the plane of the wire. There is a uniform 
magnetic field of strength B . The induced e.m.f. between 
the ends is 



Fig. 8.279 

a Bo)R 2 !2 b. 2BeoR 2 

c. is variable dL none of these 

147, The frequency of oscillation of current in the inductance is 


rmw—rmri 



Fig. 8.280 


a. 


c. 


1 


3VZC 

1 

Vic 


li 


d. 


I 

6/rVIc 

\ 

2kJlC 


148. A rectangular loop of sides a and b is placed in xy plane. A 
very long wire is also placed in xy plane such that side of 
length a of the loop is parallel to the wire. The distance 
between the wire and the nearest edge of the loop is d, The 
mutual inductance of the system is proportional to 

a .a b. b 

c. 1 Id d. current in wire 

149. Radius of a circular ring is changing with time and the coil 
is placed in a uniform magnetic field perpendicular to its plane. 
The variation of r with time t is shown in Fig. 8.281. Then the 
induced e.m.f. € with time will be best represented by 




150. Switch S is closed for a long time at / = 0. If it is opened, then 



a. total heat produced in resistor/? after opening the switch 

. 1 LV 
is r - r 
2 R 2 

b. total heat produced in resistor/?| after opening the switch 
/2 f 


. I LV 

is — - 


2 R 2 


R 




c. heat produced in resistor after opening the switch is 


1 


R 2 LV* 


2 (R t +R 2 )R 2 

d. no heat will be produced in R | 

151. A rod of length t with uniformly distributed charge Q is 
rotated about one end with a constant frequency /. Its 
magnetic moment is 


a. nfQt 


b. 


x/Qr 


c. 


2%SQi 1 


d. 2 nSQl : 


152. Two identical cycle wheels (geometrically) have different 
number of spokes connected from center to rim. One is 
having 20 spokes and the other having only 10 (the rim and 
the spokes arc resistanceless). One resistance of value R is 
connected between centre and rim. The current in R will be 

a. double in the first wheel than in the second wheel 

b. four times in the first wheel than in the second wheel 

c. will be double in the second wheel than that of the first 
wheel 

d. will be equal in both these wheels 

153. When magnetic flux through a coil is changed, the variation 
of induced current in the coil with time is as shown in the 
graph. If resistance of the coil is 10 ft, then the total change 
in flux of coil will be 



Fig. 8.281 










































Faraday's Law and Lenz's Law 8.tn 


a. 4 h 8 c, 2 d.6 

154. A uniform magnetic field exists in a region given by 
5=3?+4 j +5k> A rod of length 5 m is moved along y-axis 
with a constant speed of 1 m/s. Then the induced e.m.F. in 
the rod will be 

a.0 h 25V c. 20V d. 15V 

155. In a LR growth circuit, inductance and resistance used are 1 
H and 20 Q, respectively. If at t = 50 ms, the current in the 
circuit is 3.165 A, then applied direct current e.m.f. is 

a, 200 V b. 100 V c. 50 V 

d. Data is insufficient to find out the value. 

156. A square loop of area 2.5x 10' 3 m 2 and having 100 turns 
with a total resistance of 100 Q is moved out of a uniform 
magnetic field of 0.40 T in 1 s with a constant speed. Then 
work done, in pulling the loop, is 

X XX 

XXX 

XXX 

XXX 

Fig. 8.284 

a. 0 h 1 mJ c. lpJ dO.lmf 

157. A and B are two metallic rings placed at opposite sides of an 
infinitely long straight conducting wire as shown. If current 
in the wire is slowly decreased, the direction of the induced 
current will be 


X X 
X X 
X X 
X X 



Fig. 8.285 

a. clockwise in A and anticlockwise in B 

b. anticlockwise in A and clockwise in B 

c. clockwise in both A and B 

d. anticlockwise in both A and B 

158. A vertical conducting ring of radius R falls vertically with a 
speed V in a horizontal uniform magnetic field B which is 
perpendicular to the plane of the ring. 


C 



Fig. 8.286 

a. A and B are at the same potential 

b. C and D are at the same potential 

c. current flows in clockwise direction 

d. current flows in anticlockwise direction 


159. Two identical conducting rings A and B of radius R are in 
pure rolling over two horizontal conducting planes with 
same speed (of centre of mass) v but in opposite direction. A 
constant magnetic Field B is present pointing into the plane 
of paper. Then the potential difference between the highest 
points of the two rings is 



Fig. 8.287 

a. 0 h IBvr 

c. 4 Bvr d none of these 

160. An inductor L and a resistor R are connected in series with a 
direct current source of e.m.f. E, The maximum rate at 
which energy is stored in the magnetic field is 


a. 


c. 


4 R 
4 & 
R 


E l 

R 

2 E 2 
R 


b. — 


d. 


161. In the circuit shown, switch S is connected to position 2 for 
a long time and then joined to position I. The total heat 
produced in resistance R\ is . , 

—WWv- 1 


L 

TTinrifir 


Hmamv- 

E Ri 




Fig. 8.288 


c. 


LE 2 _ 

2 rtf 

U 5 2 

2rt,rt 2 


d. 


LE* 

2 rtf 

L£2(rt,+rtj) 2 
2rtf rtf 


162. Jn the circuit shown in Fig. 8.289, the switch S was initially at 
position 1. Aftet>sufficiently long time, the switch 5 was 
thrown from position I to position 2. The voltage drop 
across the resistor at that instant is 




c 

r^AAMV 


42 
# i 


06000 

L 


a. zero 



Fig. 8.289 

h E 


d none of these 
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163. A uniform magnetic field of induction B is confined to 
cylindrical region of radius R. The magnetic field is 

dB , 

increasing at a constant rate of — (Ts _1 ). An electron of 

charge q t placed at the point P on the periphery of the field, 
experiences an acceleration 



1 eR dB 

a. -towards left 

2 m dt 

. £RdB J t ^ 

c.-- towards left 

m dt 


1 eRdB J t 

h -towards nght 

2 m dt 

d. zero 


164, AB is a resistanceless conducting rod which forms a 
diameter of a conducting ring of radius r rotating in a 
uniform magnetic field B as shown. The resistors R { and R 1 
do not rotate. Then current through the resistor R { is 

X X X X X 



B0)r l 

2R X 

Bor 1 


to +* 2 ) 


d. 


Bor 

2R 2 

Bor 1 


2R } R 2 1 2(/? 2 +/? 2 ) 

165. AB and CD are fixed conducting smooth rails placed in a 
vertical plane and joined by a constant current source at its 
upper end. PQ is a conducting rod which is free to slide on 
the rails. A horizontal uniform magnetic field exists in space 
as shown. If the rod PQ is released form rest then, 


4 4 4 

A 


4 4 4 

c 

P L_ 


-JQ r t 

4 « 8 

4 4 4 4 

D * • 


a. the rod PQ will move downward with constant acceleration 
h the rod PQ will move upward with constant acceleration 
C. the rod will move downward with decreasing acceleration 
and finally acquire a constant velocity 
d either a or b i 

166. A conducting ring of radius r with a conducting spoke is in 
pure rolling on a horizontal surface in a region having a 
uniform magnetic field B as shown, n being the velocity of 
the centre of the ring. Then the potential difference V 0 - V A is 


Bvr 

a. - 

2 



167, A metallic ring of mass m and radius r with a uniform metallic 
spoke of same mass m and length r is rotated about its axis 
with angular velocity oin a perpendicular uniform magnetic 
field B as shown. The central end of the spokes is connected 
to the rim of the wheel through' a resistor R as shown. The 
resistor docs not rotate, its one end Is always at the center of 
the ring and the other end is always in contact with the ring. 
A force F as shown is needed to maintain constant angular 
velocity of the wheel. F is equal to (the ring and the spoke has 
zero resistance) 


X X X X X 



B 2 or 2 B 2 cor 2 B 2 or 3 B 1 or 1 

a. - h - c - d - 

SR 2 R 2 R 4 R 

168. A dosed circuit consists of a resistor R , inductor of 
inductance L and a source of e.m.f. 5are connected in series. 
If the inductance of the coil is abruptly decreased to U4 (by 
removing its magnetic core), the new current immediately 
after this moment is (before decreasing the inductance the 
circuit is in steady state) 

E E 

a. zero h E/R c, 4— d — 

R 4 R 

169. The current generator I^ shown in Fig. 8.295, sends i 
constant current i through the circuit. The wire ab has t 
length t and mass m and can slide on the smooth, horizonta 


Fig. 8.292 
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rails connected to i a . The entire system lies in a vertical 
magnetic field B. The velocity of the wire as a function of 
time is 


I 


X g X X 


9 x 


X 


UBt 


X X l X X 

Fig. 8.295 

, UBt 


c. 


2 UBt 


UBt 


m 2m m 3m 

170. A vertical ring of radius r and resistance R falls vertically. It 
is in contact with two vertical rails which are joined at the 
top. The rails are without friction and resistance. There is a 
horizontal uniform magnetic field of magnitude B 
perpendicular to the plane of the ring and the rails. When 
the speed of the ring is v, the current in the section PQ is 


a zero 



ZBrv 


171. Given Lj= 1 O 

L 2 = 2 mH, R 2 = 2Q 


v- 1: 


L2 

~rsm—rmr 


R 1 *2 
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(iii) 
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Fig. 8.297 


Neglecting mutual inductance, the time constants (in ms) for 
the circuits (i), (ii) and (iii) are 

9 9 9 

a. U- fc-r>U c. 1,1,1 d 1 >7> 1 
2 4 4 

172. A horizontal ring of radius r - ^ m is kept in a vertical 

constant magnetic field 1 T. The ring is collapsed from 
maximum area to zero area in 1 s. Then the e.m.f. induced in 
the ring is 


a. IV h (#/4)V c.(*/2)V d nW 

173. In the circuit shown, the key ( K) is closed at /=0, the current 
through the key at the instant / = 1CT 3 In 2 s is 


4fl 

WWW 


L = S mH 


“X 

A 


5 a 

WWW- 


20 v 


50 ' 


WWW 


C = 0.1mF 


Fig. 8.298 

a. 2 A h 3.5 A ' C;2.5A dO 

174. A rod of length t rotates in the form of a conical pendulum 
with an angular velocity 0 ) about its axis as shown in 
Fig. 8.299. The rod makes an angle 0with the axis. The 
magnitude of the motional e.m.f. developed across the two 
ends of the rod is 



Fig. 8.299 



a. - Bco£ 2 
2 

c. - Bod 2 cos 2 9 
2 


h - £tu£ a tan 2 0 
2 

d. - B(o( 2 sin 2 6 
2 


175. In the circuit shown, switch k^ is open and switch k x is 
closed at / = 0. At time t = t 0 , switch k l is opened and switch 
k 2 is simultaneously closed. The variation of inductor 
current with time is 


h' 


-rimrr 



/ 

£2 

L 



Fig. 8.300 
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176. In an LC circuit shown in Fig. 8.301, C = 1 F, L - 4 H. 
At time t = 0 charge in the capacitor is 4 C and it is decreasing 

at a rate of >/5 Cs _l . Choose the correct statement. 





C 


L 

-- 

Fig. 8.301 

a Maximum charge in the capacitor can be 6 C 
bt Maximum charge in the capacitor can be 8 C 
c. Charge in the capacitor will be maximum after time 
3 sin -1 (2/3) s 
d None of these 

177. An aluminium ring hangs vertically from a thread with its 
axis pointing east-west. A coil is fixed near to the ring and 
coaxial with it. 




Fig. 8.302 


What is the initial motion of the aluminium ring when the 
current in the coil is switched on? 
a. moves towards E b. moves towards W 

c. moves towards N d. moves towards S 

178. The magnetic flux density B is changing in magnitude at a 
constant rate dBidt . A given mass m of copper, drawn into a 
wire of radius a and formed into a circular loop of radius r is 
placed perpendicular to the field B. The induced current in 
the loop is i. The resistivity of copper is r and density is d. 
The value of the induced current / is 


c. 


m dB 
2npd dt 

m dB 
Anad dt 


h 

d 


m dB 
A7ta 2 r dt 
m dB 


Anpd dt 

179. The magnetic field in a region is given by B = jfi^l + —ji. 

A square loop of edge length d is placed with its edge along 
the jc- and y-axes. The loop is moved with a constant velocity 

v = v 0 z. Thee.m.f. induced in the loop is 

‘’iiV 3 


a. 


v O B O d ‘ 


b. 


c. v 0 B 0 d 


Cl 

„ u d- zero 

180. A coil carrying a steady current is short-circuited. The 
current in it decreases #times in time / 0 . The time constant 
of the circuit is 


a t-t 0 \na 


b. f = 

In a 


c. t = — d t=-^— 

a a -1 

181. A solenoid has 2000 turns wound over a length of 0.3 m. Its 
cross-sectional area is equal to 1.2 x 10" 3 m 2 . Around its 
central cross section a coll of 300 turns is wound. If an initial 
current of 2 A flowing in the solenoid is reversed in 0.25 s, 
the e.m.f. induced in the coil is 

a. 0.6 mV b. 60 mV 

c. 48 mv d. 0.48 mV 

182. Two coils X and Y are linked such that e.m.f. E is induced In 


Y when the current in X is changing at the rate I 


dI s 

dt) 


.If a 


current I 0 is now made to flowthrough y»the flux linked with 
X will be 


a. El 0 I 



c. (El)l 0 



183. A conductor AB of length £ moves in jcy plane with velocity 


v - v 0 (i -y). A magnetic field B = B 0 (i + j) exists in the 

region. The induced e.m.f is 

a. zero b. 2 B 0 £v 0 

c. Bq£vq d a/2 BqIvq 

184. The time constant of an inductance coil is 2 x 10" 3 s. When 
a 90 Cl resistance is joined in seires, the same constant 
become 0.5 x 10“ 3 s. The inductance and resistance of the 
coil are 

a. 30 mH; 30 W b. 60 mH; 30 W 

c. 30 mH; 60 W d. 60 mH; 60 W 

185. A line charge /Iper unit length is pasted uniformly on to the 
rim of a wheel of mass m and radius R. The wheel has light 
non-conducting spokes and is free to rotate about a vertical 
axis as shown in Fig. 8.303. A uniform magnetic field extends 
over a radial region given by B - - B 0 K(r < a\ 
a <R) =0 (otherwise). What is the angular velocity of the 
wheel when this field is suddenly switched off? 



- Bnc^X r -Bna 2 X * 
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186, The current passing through the battery immediately after 
key (K) is closed [it is given that initially all the capacitors 
are uncharged (given that R = 6 ft and C = 4 jiF)] is 


K 


£> 5 V 


R C 

pAAAM/—II— 

—V\AM- 

* 

c 

L 

~isuwr~~ 

—VWWHI- 

“A/VWv- 
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Fig. 8.304 

a. 1A h 5 A c. 3 A d2A 

187. A flexible wire loop in the shape of a circle has a radius that 
grows linearly with time. There is a magnetic field 
perpendicular to the plane of the loop that has a magnitude 
inversely proportional to the distance from the centre of the 

loop, B (r)« How does the e.m.f. E vary with time? 
a. £ *= r 2 h E**t 

c. £oc 41 d E is constant 

188. A conducting wire of length i and mass m is placed on two 
inclined rails as shown in Fig. 8,305. A current/ is flowing in 
the wire in the direction shown. When no magnetic field is 
present in the region, the wire is just on the verge of sliding. 
When a vertically upward magnetic field is switched on, the 
wire starts moving up the incline. The distance traveled by 
the wire as a function of time / will be 


a. 


b. 


c. 


d 


2 

\_ 

2 

J_ 

2 

1 

2 



IBl 1 „ . ^ 

—x-2 g sin $ 

m cos# 


IBl . „ 

- —IgsmO 

m 


IBl cos 20 


m cos 0 


2g sin 0 


189. A pure inductor L s a capacitor C and a resistance R are 
connected across a battery of e.m.f. E and internal resistance 
r as shown in the figure. The switch is closed at / = 0, 
select the correct alternative(s). 


L 



a. current through resistance R is zero all the time 

b. current through resistance R is zero at / = 0 and / -> °° 

c. maximum charge stored in the capacitor is CE 

d maximum energy stored in the inductor is equal to the 
maximum energy stored in the capacitor 

190. A simple LR circuit is connected to a battery at time / = 0. 
The energy stored in the inductor reaches half its maximum 
value at time 


R. 

r >/ 2 -‘ 


rvs-ii 

a. —In 
L 

_v/2 -1_ 

b. —In 
R 

J 

L 

' 72 1 

, R , 

vi-i' 

c. — In 
R 

[S-i\ 

d. —In 
L 

[ vd 


191. Three identical coils A, B and C carrying currents are placed 
coaxially with their planes parallel to one another. A and C 
carry currents as shown. B is kept fixed, while A and C both 
are moved towards B with the same speed. Initially, B is 
equally separated from A and C. The direction of the induced 
current in the coil Bis 



ABC 

Fig. 8.307 


a. same as^that in coil A a. same as that in coil B 

c. zero d. none of these 

192. The natural frequency of the Circuit shown in Fig. 8.308 is 

c c 



Fig. 8.308 
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l 


a HZ 

2 

c. 


Hc 


h Hlc 

d. none of these 


193. A conducting ring of radius r and resistance R rolls on a 
horizontal surface with constant velocity v. The magnetic 
field B is uniform and is normal to the plane of the loop. 
Choose the correct option. 


B X 


xQ X 


X 


X 


X 

1 

4> 


X 

;v 


k X 


o 

Fig. 8.309 

a. The induced e.m.f. between O and Q is 2 Brv. 

2 Bvr 


b. An induced current / = - 
direction. 


R 


c. An induced current I = 


2 Bvr 
R 


flows in jhe clockwise 


flows in the anticlockwise 


direction, 

d. No current flows. 

194. The magnetic flux density B is changing in magnitude at a 
constant rate otdBldt. A given mass m of copper, drawn into 
a wire of radius a and formed into a circular loop of radius r 
is placed perpendicular to the field B. The induced current in 
the loop is /. The resistivity of copper is r and density is d „ Then 
m dB . _ m dB 

Anpd dt 
dB 


a / =-- 


m 


c. / = - 


Axp 2 v dt 
m dB 


2npd dt 


Amid dt 

195. Two resistors of 10 Cl and 20 Cl and an ideal inductor of 
10 H are connected to a 2 V battery as shown. The key K is 
inserted at time t = 0. The initial (/ = 0) and final (/ —»<*>) 
currents through the battery are 

10 H 



20 a 


Fig. 8.310 


a. — A, — A 
15 10 

15 10 


h. — A,—A 
10 15 

d — A, — A 

15 25 


196. In the circuit shown, A is joined to 5 for a long time, and then 
A is joined to C. The total heat produced in R is 

—VW\A- 


2 l 

Tffiflflr 


A 

-o- 


6 C 


O B 


-VWW- 

2R 

Fig. 8.311 


a. 


LE l 


LE l 


c. 


LE Z 


LE 

SR 2 


R 2 2R 1 4R 1 

197. Two identical conductors P and Q are placed on two 
frictionless rails R and S in a uniform magnetic field 
directed into the plane. If/ 5 is moved in the direction shown 
in Fig. 8.312 with a constant speed, then rod Q 
P Q 

—> 

B 


X 


x v 


x 


x 


Fig. 8.312 

a. will be attracted towards P 

b. will be repelled away from P 

c. will remain stationary 

d. may be repelled away or attracted towards P 

198. In the circuit shown in Fig. 8.313, a conducting wire HE is 
moved with a constant speed v towards left. The complete 
circuit is placed in a uniform magnetic field B perpendicular 
to the plane of the circuit inwards. The current in HKDE is 


X 


X 



H 


A 

X 

X 

X X 

x < 

> X 

X X 


> R - 


X t 

> X 

X 

X 

X B 

X 

X 

X 


E 


X 

X 

X 

X 


Fig. 

8.313 


X 

X 

X 

X 


a. clockwise 
0. alternating 


h anticlockwise 
d. zero 





















































199. A straight wire of length L moves with constant velocity v 
(no rotation) through a uniform magnetic field L as shown. 
Z is a vector directed from a to b< The induced e.m.f is 
given by 



a. £ “ 0 a. = B (v x L) 

c. £ = L(Bxv) d. £ = ZT(Lxv) 

200. A square metal loop of side 10 cm and resistance 1 Cl is 
moved with a constant velocity partly inside a magnetic 
field of 2 Wbrfr 2 , directed into the paper, as shown in 
Fig* 8.315* This loop connected to a network of Five resistors 
each of value 3 Cl. If a steady current of 1 mA flows in the 
loop, then the speed of the loop is 



a. 0.5cm$“ l h 1 cms“ l 

c» 2cms _l d» 4cms _l 

201. A magnet is moving towards the coil along the axis and the 
e.m.f induced in the coil is £ If the coil also starts moving 
towards the magnet with the same speed, the induced e.m.f. 
will be 


a 


£ 

2 


lx £ 


d4f 


202. The magnetic field in a region is given by B — B 0 


edges along the x- and y-axes. The loop is moved with a 


U. A square loop of edge length*/is placed with its 


constant velocity v = V 0 i * The e.m.f induced in the loop is 
a. zero b f %B b d 


V 0 B 0 d' V 0 B 0 d 2 

c. a. 

a 1 a 

203. A conducting rod PQ of length m is moving at a speed 
of 2 ms -1 making an angle of 30° with its length. A uniform 
magnetic field B — 2 T exists in a direction perpendicular to 
the plane of motion. Then 


Faraday's Law and Lenz's Law 


8.73 


® 




® ® 


Pc 


i 


30° 


X 


□ Q 


® ® 

a. V 0 =8 V 
c. V n 


® 


Fig. 8.316 


h V P - 
d. V n 


V 4v 


V r = 4 V 


u. 

204. A conductor AB of length £ moves in xy plane with velocity 
v = Vq (J - y). A magnetic field B = B 0 (J + j) exists in the 
region. The induced e.m.f. is 
a. yfl ^ B 0 £ v 0 


c. B 0 £ K 0 



d. zero 


Solutions on page SJ28 

1. The uniform magnetic field perpendicular to the plane of a 
conducting ring of radius a changes at the rate of a , then 

a. all the points on the ring are at the same potential 

b. the e.m.f induced in the ring is mi 2 a 

c. electric field intensity E at any point on the ring is zero 

2 

2. In the given circuit, switch is closed at / = 0. Choose the 
correct answers. 

/? = 3^ 



Fig. 8.317 

a. Current in the inductor when the circuit reaches the steady 
state is 4 A. 

b. The net change in flux in the inductor is 1.5 Wb. 

c. The lime constant of the circuit after closing S is 555.55 s. 

d. The charge stored in the capacitor in steady state is 
1.2 mC 

3. The magnetic flux 0 linked with a conducting coil depends 
on time as <j>- 4f + 6, where n is a positive constant. The 
induced e.m.f in the coil is e. 
a. If 0 < n < 1, e ^ 0 and \e\ decreases with time, 
lx Un = he is constant. 

c. If n > I, \e\ increases with time. 

d. If n > 1, Id decreases with time. 
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4. A circular loop of radius r, having N turns of a wire* is placed 
in a uni form and constant magnet ic f eld B. The normal of the 
loop makes an angle 8 with the magnetic field. Us normal 
rotates with an angular velocity co such that the angle 8 is 
constant. Choose the correct statement from the following. 

. . L , . NBor 2 

a. e.m.f. m the loop is —-— cos# 

h e.m.f..induced in the loop is zero 
c e.m.f. must be induced as the loop crosses magnetic lines 
d e.m.f. must not be induced as flux does not change with 
time 

5. A uniform circular loop of radius a and resistance R is 
placed perpendicular to a uniform magnetic field B. One 
half of the loop is rotated about the diameter with angular 
velocity co as shown. Then, the current in the loop Is 



when 8 is zero 


na Boo 

c- zero, when 8 = nil d. -. when 8- nil 

2 R 

6, A conducting wire of length t and mass m can slide without 
friction on two parallel rails and is connected to capacitance 
C. The whole system lies in a magnetic field B and a constant 
force F is applied to the rod. Then 



a the rod moves with constant velocity. 

F 

b. the rod moves with an acceleration of- t~t~ . 

m + Zrrc 

c. there is constant charge on the capacitor. 

d. charge on the capacitor increases with time. 

7, A conducting rod of length t is hinged at point 0. It is free 
t a rotate in a vertical plane. There exists a uniform magnetic 
field B in horizontal direction. The rod is released from the 
position shown in Fig. 8.320. Potential difference between 
the two ends of the rod is proportional to 



Fig. 8.320 

a t 5/2 h. i 1 c. sinB d (sin 8) in 

8. A conducting rod of length i is moved at constant velocity 
v 0 on two parallel, conducting, smooth, fixed rails* which are 
placed in a uniform constant magnetic field B perpendicular 
to the plane of the rails as shown in Fig. 8.321. A resistance 
R is connected between the two ends of the rail. Then which 
of the following is/are correct? 



Fig. 8.321 

a The thermal power dissipated in the resistor is equal to the 
rate of work done by an external person pulling the rod 

h If applied external force is doubled, then a part of the 
external power increases the velocity of the rod 

c. Lenz*s law is not satisfied if the rod is accelerated by an 
external force 

d. If resistance/? is doubled, then power required to maintain 
the constant velocity V 0 becomes half 

9. In Fig. 8.322, R is a fixed conducting ring of negligible 
resistance and radius a. PQ is a uniform rod of resistance r. 
It is hinged at the centre of the ring and rotated about this 
point in clockwise direction with a uniform angular velocity 
CO. There is a uniform magnetic field of strength B pointing 
inward and r is a stationary resistance. Then 



Fig. 8.322 
































Faraday's Law and Lena’s Law 8.75 


a. current through r is zero 


h current through r is 


IBcocr 

Sr 


c. direction of current in external resistance r is from centre 
tD circumference 

d direction of current in external resistance r is from 
circumference to centre 

10. An infinite current-carrying conductor is placed along the 
z-axis and a wire loop is kept in thejry plane. The current in 
the conductor is increasing with time. Then the 

a. e.m.f. induced in the wire loop is zero 
b magnetic flux passing through the wire loop is zero 
c. e.m.f. induced is zero but magnetic flux is not zero 
d e.m.f. induced is not zero but magnetic flux is zero 

11. An inductor and two capacitors are connected in the circuit 
as shown in Fig. 8.323. Initially capacitor A has no charge 
and capacitor B has CV charge. Assume that the circuit has 
no resistance at all. At I = 0, switch S is closed, then 


[given LC = 


;r 2 xl0 4 


s 2 and CV= 100 mC] 


A ± C 


TOnnr 


-Qo--CV 

b 

+ Qo a CV 


Fig. 8.323 


/ 


a when current in the circuit is maximum, charge on each 
capacitor is same 

h when current in the circuit is maximum, charge on capacitor 
A is twice the charge on capacitor B 
c. q - 50(1 + cos 100 xt) mC, where q is the charge on 
capacitor £ at time t 

d q = 50(1 - cos 100 Ki) mC, where q is the charge on 
capacitor Bat time t 

12. The potential difference across a 2 H inductor as a function 
of time is'shown in Fig, 8,324. At r = 0, current is zero. 
Choose the correct statement. 



Fig. 8.324 

a Current at t - 2 s is 5 A 
h Current at t - 2 s is 10 A 

c. Current versus time graph across the inductor will be 



Fig. 8.325 

d Current versus time graph across inductor will be 



13. A disc of radius R is rolling without sliding on a horizontal 
surface with a velocity of centre of mass v and angular velocity 
*yin a uniform magnetic field B which is perpen-diculnrto the 
plane of the disc as shown in Fig. 8.327, O is the centre of the 
disc and P, Q, R and S are the four points on the disc. 

X X X X X X X 



a. Due to translation, induced e.m.f. across PS = Bur 
h Due to rotation, induced e.m.f. across = 0 
c. Due to translation, induced e.m.f. across RO = 0 
d Due to rotation, induced e.m.f. across OQ = Bur 
14. Two parallel resistanceless rails are connected by an 
inductor of inductance L at one end as shown in Fig, 8.328, 
A magnetic field B exists in the space 
which is perpendicular to the plane 
of the rails. Now a conductor of 
length t and mass m Is placed 
transverse on the rail and given an 
impulse J towards the rightward 
direction. Then choose the correct 
option(s), 

a Velocity of the conductor is half of the initial velocity 
after a displacement of the conductor d = 



Fig. 10.328 


3 jH. 

4 flVro 


h Current flowing through the inductor at the instant when 
velocity of the conductor is half of the initial velocity is 




4 Lm 
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c. Velocily of the conductor is half of the initial velocity 


after a displacement of the conductor d = 


B 2 ?m 


d Current flowing through the inductor at the instant when 
velocily of the conductor is half of the initial velocity is 



15. A conducting loop rotates with constant angular velocity 
about its fixed diameter in a uniform magnetic field. Whose 
direction is perpendicular to that fixed diameter. 

a. The e.m.f. will be maximum at the moment when flux is 
zero 

tx The e.m.f. will be '0* at the moment when flux is maximum 
c. The e.m.f will be maximum at the moment when plane of 
the loop is parallel to the magnetic field 
d The phase difference between the flux and the e.m.f is tz/2 

16. A bar magnet is moved between two parallel circular 
loops A and B with a constant velocity v as shown in 
Fig. 8.329. 




Fig. 8329 

a. The current in each loop flows in the same direction 
h. The current in each loop flows in opposite directions 
c. The loops will repel each other 
d The loops will attract each other 

17. A barmagnel moves towards two identical parallel circular 
[oops with a constant velocity v , as shown in Fig.8.330. 



Fig. 8.330 


a. Both the loops will attract each other 
h Both the loops will repel each other 
c. The induced current in A is more than that in B 
d The induced current is same in both the loops 

18. In the circuit shown in Fig. 8.33 I, the switch is closed at 

/ = 0 . 


A L\ 

Timmr 

T5TOF- 

^WWV 

R 

Fig. 8.331 


h 



£ 


a. At (= 0, /, = I 2 = 0 

• , /, Lj 

U At any lime t , — = — 

h 


19. 


c. At anytime />/, +4 = 


£ 

R 


d At / = I { and 4 are independent of L { and 
A highly conducting ring of radius R is perpendicular to and 
concentric with the axis of a long solenoid, as shown. The 
ring has a narrow gap of width Sin its circumference. The 
cross-sectional area of the solenoid is a. The solenoid has a 
uniform internal field of magnitude B(t) - B 0 + where ]3 

> 0. Assume that no charge can flow across the gap, the 
face(s) accumulating an excess of positive charge is/are 



c. F | and F 2 both 

d difficult to conclude as data given are insufficient 
20. The accumulation of the charge on the gap faces will cease 
when the total electric field within the ring becomes zero. For 
this to happen, the electric field in the gap £ 0 is 



hE 0 


2a fi 
~ 
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c. E 0 is dependent on R for R > 

d £ 0 is independent of R For R > 

21 . In the figure shown, the wires P } Q } and P 2 Q 2 are made to 
slide on the rails with same speed of 5 cm s" 1 . In this region 
a magnetic field of l T exists. The electric current in the 9 Cl 
resistance is 




© 
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© 
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Fig. 8.333 

a. zero if both wires slide towards left 
bt zero if both wires slide in opposite directions 
c. 0.2 m A if both wires move towards left 
d 0.2 mA if both wires move in opposite directions 

22. A small magnet M is allowed to fall through a fixed 
horizontal conducting ring R . Let g be the acceleration due 
to gravity. The acceleration of M will be 

a. <g when it is above R and moving towards R 
h >g when it is above R and moving towards R 
c. <g when it is below R and moving away from R 
d >g when it is below R and moving away from R 

23. The conductor AD moves to Ihe right in a uniform magnetic 
field directed into the plane of the paper. 



Fig. 833 4 

a. The free electron in AD will move towards A 
h Dwill acquire a positive potential with respect to A 
c. A current will flow from A to D in AD in close loop 
d The current in AD Flows from lower to higher potential 

24. The magnitude of the earth's magnetic field at the north pole 
is B q . A horizontal conductor of length i moves with a 
velocity v. The direction of v> is perpendicular to the 
conductor. The induced e.m.f. is 


a. zero, if v is vertical h B^Cv v if v is vertical 

c. zero, if v is horizontal d B 0 ?v, if v is horizontal 

25. A vertical conducting ring or radius R falls vertically in a 
horizontal magnetic field of magnitude B. The direction of B 
is perpendicular to the plane of the ring. When the speed of 
the ring is v, 

© © c © ® 

© 

A 

© 

© © © © 

Fig. 8335 

a no current flows in the ring 
h A and D areal the same potential 
c. C and £ are at the same potential 
d the potential difference between A and D is 2 BRv> with D 
at a higher potential 

26. A fiat coil, C» of a turns, area A and resistance R % is placed in 
a uniform magnetic field of magnitude B. The plane of the 
coil is initially perpendicular to B . The coil is notated by an 
angle 0 about the plane xy and charge of amount Q flows 
through it. Choose the correct alternatives. 

a. 0= 90*. Q r-. (BAn/R) b. 0= 180°. Q = (BAnIR) 

c. 0= 180°, Q = 0 d. 6= 360°, Q = 0 

27. In problem 26. the plane of the coil is initially kept parallel 
lo B, The coil is rotated by an angle 0abom the palne.vy, and 
charge of amount Q llows through it. Choose the correct 
alternatives. 

a. 0 = 90°. Q = (BanIR) b. 8= 180°> Q = {IBcmIR) 
180°. Q = 0 d. Q- 360°, Q-0 

28. in question 26, if the coil rotates about the xy plane with a 
constant angular velocity w* the e.m.f. induced in it 

a. is zero 

h changes non-lincarly with lime 
c. hits a constant value = BAnCO 
d has d maximum value -BAnCO 

29. Switch 5 of the circuit shown in Fig. 8>336 is closed at 
/ = 0. If e denotes the induced e.m.f. in Land / is the current 
flowing through the circuit at time K which of the following 
graphs is/arc correct? 




+ 


U L 

-VWW-TOW 

Fig. 8.336 
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r. b. 




Fig, 8.337 

30. For the circuit shown in Fig. 8.338, which of the following 
statements i s/arc correct? 

6 il 2 11 



Fig. 8.338 

a. Its time constant is 0.25 s 

h In steady slate, current through the inductance will be 
equal to zero 

c. In steady state, current through the buttery will be equal 
to 0.75 A 

d. None of these 


Assertion-Reasoning 

Jype 


Solutions on page 8JSI 


a. Statement I is True, Statement II is True; Statement II is 
correct explanation for Statement I. 
hi Statement lis True, Statement J1 is True; Statement II is NOT 
a correct explanation for statement I. 

e. Statement I is True, Statement II is False, 
d Statement I is False, Statement II is True. 

1 . Statement I: Two coaxial conducting rings of different radii 
are placed in space. The mutual inductance of both the rings 
is maximum if the rings are also coplanar. 

Statement II: For two coaxial conducting rings of different 
radii, the magnitude of magnetic flux in one ring due to 
current in the other ring is maximum when both rings are 
coplanar. 


2. Statement I: An Inductor acts as perfect conductor for d.c. 
Statement II: d.c. remains constant in magnitude and direction, 

3. Statement I: The magnetic flux through a loop of conducting 
wire of a fixed resistance changes by A<p n in a lime At. Then 
A0 n is proportional to the current through the loop. 

Statement II: / = - ^2-. 

R 

4. Statement !: An e.m.f, is induced in a long solenoid by a bar 
magnet that moves while totally inside the solenoid along 
axis of the solenoid, 

Statement II; As the magnet moves inside the solenoid the 
flux through individual turns of the solenoid changes, 

5. Statement I: Lenz's law violates the principle of conservation 
of energy, 

Statement II: Induced e.m.f. always opposes the change in 
magnetic flux responsible for its production, 

6. Statement I: Only a change in magnetic flux will maintain an 
induced current in the coil. 

Statement II; The presence of large magnetic flux through a 
coil maintains a current in the coil if the circuit is continuous. 

7. Statement I: An electric lamp is connected in scries with a 
long solenoid of copper with air core and then connected to 
an a,c, source, If an iron rod is,inserted in the solenoid the 
lamp will bccomedim, 

Statement II: If an iron rod is inserted in the solenoid, the 
inductance of the solenoid increases. 

8 . Statement I: A capacitor allows a.c. but blocks d,c, 
Statement II: When a,c. passes through a capacitor, there Is 
local osci llation of bound charges of dielectric. 

9. Statement I: The self-inductance (L) is given by 0 (magnetic 
flux) = Lj (current). 

Statement II: When current is increased, self-inductance 
increases. 

10, Statement I: The work done by a charge in a closed 
(induced) current-carrying loop is non-zero. 

Statement II; Induced electric field is non-conservative in 
nature. 

11, Statement 1: No electric current will be present within a 
region having uniform and constant magnetic field, 
Statement II: Within a region of uniform and constant 
magnetic field B , the path integral of magnetic field 
j>B -dl along any closed path is zero. Hence from Ampere 

circular law B dl = // 0 7 (where the given terms have 
usual meaning), no current can he present within a region 
having uniform and constant magnetic field, 

12, Statement I: The growth of current in RL circuit is uniform. 
Statement II: Inductor (L) opposes the growth of current. 

13, Statement I: Magnetic flux linked to closed surface is zero. 
Statement II: Direction of induced current due to change of 
magnetic flux is given by Faraday's law. 

14, Statement 1; Time-dependent magnetic field generates electric 
field. 

Statement II: Direction of electric field generated from time 
variable magnetic field does not obey Lenz\s law. 
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15. Statement I: Induced potential across a coil and therefore 
induced current is always opposite to the direction of 
current due to external source. 

Statement II: Lenz's law states that induced e.m.f. always 
opposes the cause due to which it is being produced. 

16. Statement I: The magnetic field at the ends of a very long 
current-carrying solenoid is half of that at the centre. 
Statement II: If the solenoid is sufficiently long, the field 
within it is uniform. 

17. Statement I: The energy of charged panicle moving in a 
uniform magnetic field does not change. 

Statement II: Work done by magnetic field on the charge is 
zero. 

18- Statement I: When two coils are wound on each other, the 
mutual induction between the coils is maximum. 

Statement II: Mutual induction does not depend on the 
orientation of the coils. 

19- Statement I; The induced e.m.f. in a conducting loop of wire 
will be non-zero when it rotates in a uniform magnetic Held. 
Statement II: The e.m.f. may be induced due to change in 
magnetic field. 

20- Statement I: The direction of induced e.m.f. is always such 
as to oppose the change that causes it. 

Statement II: The direction of induced e.m.f. is given by 
Lenz's law. 

21, Statement I: Capacitor serves as a block for d.c. and offers 
an easy path lo a.c. 

Statement II: Capacitive reactance is invei sely proportional 
to frequency. 

22- Statement 1: A resistance R is connected between the two 
ends of the parallel smooth conducting rails. A conducting 
rod lies on these fixed horizontal rails and a uniform 
constant magnetic field B exists perpendicular to the plane 
of the rails as shown in Fig.8.339. If the rod is given a 
velocity v and released as shown in Fig. 8.339, it will stop 
after some time. The total work done by magnetic Held is 
negative. 



Statement U: If force acts opposite to direction of velocity 
its work done ismegative. 

23. Statement I: Consider the arrangement shown below. A 
smooth conducting rod, CD, lying on a smooth U-shaped 
conducing wire, is fixed and lies on horizontal plane. There 
is a uniform and constant magnetic field B in vertical 


direction (perpendicular to plane of pagein Fig. 8.340). If the 
magnetic field strength is decreased, the rod moves towards 
right. 


D 

rod 

/ 

V 

B 

perpendicular 
lo page 

c 



Fig. 8340 


Statement II: In the situation of statement l, the direction in 
which the rad will slide is that which tends to maintain 
constant flux through the loop. Providing a larger loop area 
counteracts the decrease in magnetic flux. So the rod moves 
to the right independent of the fact that the direction of the 
magnetic field is into the page or out of the page. 

24, Statement 1: No electric current will be present within a 
region having uniform and constant magnetic field. 
Statement II: Within a region of uniform and constant 

magnetic field B. the path integral of magnetic field 
along any closed path is zero. Hence, from Ampere circuital 
law « // 0 / (where the given terms have usual 

meaning), no current can be present within a region having 
uniform and constant magnetic field. 


Comprehension 

Type 


Solutions on page 8 J32 / 

/ 


For Problems 1-2 

A flexible circular loop 20 cm in diameter lies in a magnetic field 
with magnitude 1.0 T, directed into the plane of the page as shown 
in Fig. 8.341. The loop is pulled at the points indicated by the 
arrows, forming a loop of zero area in 0.314 s. 



Fig. 8.341 

1. The average induced e.m.f. in the circuit is 

a. 02V h0.IV c. IV d 10V 

2 . If R = 0.01 O. the magnitude and direction of current flowing 
in the loop is 

a. I A. clockwise h 1 A, anticlockwise 

c. 10 A, clockwise d 10 A. anticlockwise 
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For Problems 3-4 

The current in the long, straight wire AB shown in Fig. 8.342 is 
upward and is increasing steadily at a rate of dildt = K. 



4 


Fig. 8.342 

3. The total flux through the loop is 

b. 


a. ^In- 
7t a 

c^l,* 

K a 


4. The induced e.mJ. in the loop is 

b. 


fbLK , h 
a- In - 

2tz a 


Sju u LK y b 

c. ---In — 

2 k a 


2 n a 

V3/r a 


}jix X LK ln b 


AiH in b 




For Problems 5-6 



mBt 2 a> 







772 

T 

3 772 

2 T 




t 





c. 



Fig. 8.343 


A space is divided by the line AD into two regions. Region 1 is 
field-free and region 11 has a uniform magnetic field B directed 
into the paper. ACD is a semi-circular conducting loop of radius 
/■ with centre at 0, the plane of the loop rotates with a velocity (0 
about an axis passing Lhrough O . and perpendicular to the plane 
of the paper. The effective resistance of the loop is R. 

5. The magnitude and direction of the induced current in the 
loop, when it srarts to enter the magnetic field is 

0 )Br 1 coBr 1 coBr 1 . 2 coBr 1 

a. —— b. - c. —p— d. —— 

R -JlR Sr 

6 . The graph between the induced e.m.f. and the time of 
rotation for two periods of rotation is 



Fig. 8.343 (Contd.) 


For Problems 7-8 

Fig. K.344 shows two parallel and coaxial loops. The smaller loop 
(radius r) is above the larger loop (radius R) y by distance 
v » R. The magnetic field due to current / in the larger loop is 
nearly constant throughout the smaller loop. Suppose that \ is 
increasing at a eonstam rate of dxldt = i\ 





Fig. 8.344 

7. Determine the magnetic flux through the smaller loop as a 
function of x 


i 
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c. 


fJ 0 iR 2 xr 2 
(. R 2 +x 2 ) v2 
2jU 0 iR 2 xr 2 
(^+x 2 ) 3/2 


H^R 2 7lr 2 

1(R 2 +x 2 ) V2 
V2/y7? : 


nr 


(R z +xy 

8 . The induced e.m.f. and the direction of the induced current 
in the smaller loop is 


Ur,niR l r l 

a. £2— - v 

x 

3 ju 0 niR 2 r 2 

C.-:-V 


b. r V 

2x a 

d Mo*iR 2 r* v 
3x 4 


For Problems 9-10 

A wire loop enclosing a semicircle of radius R is located on the 
boundary of a uniform magnetic field B . At the moment t = 0, the 
loop is set into rotation with constant angular acceleration a 
about an axis 0 conducting with the line of vector on the 
boundary. The clockwise e.m.f. direction is taken to be positive. 



© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 


Fig. 8.345 


9. The variation of e.m.f. as a function of time is 

a. -BR 2 cn b. -BR 2 atA c. JlBR 2 at d. ----- 

2 2 4l 

10. The variation of e.m.f. as a function of time is 



b. 



For Questions 11-13 

In the circuit shown in Fig. 8.347, the capacitor has capacitance C 
= 20 |iF and is initially charged to 100 V with the polarity shown. 
The resistor R 0 has resistance 10 £1 At time t - 0 the switch is 
closed. The smaller circuit is not connected in any way to the larger 
one. The wire of the smaller circuit has a resistance of 
L0 Q m -1 and contains 25 loops. The larger circuit is a rectangle 
2.0 m by 4.0 m, while the smaller one has dimensions a - 10.0 cm 
and b - 20.0 cm. The distance c is 5.0 cm. (The figure is not 
drawn to scale.) Both circuits are held stationary. Assume that 
only the wire nearest the smaller circuit produces an appreciable 
magnetic field through it. 



11 . The current in the larger circuit 200 ms after closing S is 

a. - A b. - A c. — A d. --A 

e e e e 

12 . The current in the smaller circuit 200 ps after closing £ is 

a.54pA h, lOpA c. 15 pA d.36pA 

13. The direction of current in the smaller circuit is 

a. clockwise b. anticlockwise 

e. changes always with time d. cannot be calculated 

For Questions 14 -15 

Two long parallel conducting rails are placed in a uniform 
magnetic field. On one side the rails are connected with a 
resistance /?. Two rods MN and MW each having resistance rare 
placed as shown in Fig. 8.348. Now on the rods MN and M'N' 
forces are applied such that the rods move with constant velocity v. 


X 

(• 

x 

X f 


X 

X X 
0) 

X 

X X 
(2) 

X 

X 

X 

X 



X 


'M x 

X 

x 1 

X 

X 

X 

X 

X 

> 

: x 

X 

x< 

X 



r 



r 


< 

R 

X 

X 

X 

X 

> 

; x 

X 

\ 

X 

X 

X* 

X 

X 

> 

:a" x 

X 

Xj 

X 

X 

X 

X 

X 

> 

; x 

X 

X 

X 


Fig. 8.348 

14. The current flowing through resistance R if both the rods 
move with the same speed towards right is 

Bh> . 2 Btv . 3 Mv 


Fig. 8.346 


R + (r/ 2) 


R + r 


c. zero 


d. 


2(7? rr) 
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15. i. The current flowing through resistance R if Ihc rod MN 
moves towards left and the rod M'N' moves towards the 
right is 

3BPv 


Bfv , 2 m v 
t^L-•— U- 

7M-0-/2) ye + r 


c. zero 


2 (R + r) 

ii. If itt the previous problem resistances each of value R 
arc connected on both ends as shown in Fig. 8.349, the 
current /. flowing through resistance is given by 



BtR 2 (u, r 2 - v 2 i )) u BPR^_ (v, r 2 + v 7 /;) 

a. -- ■ ■ _ 


c. 


R t R 2 ( f\ + l\ ) r ) 2 t\ (R\ + R} ) ^2 + r 2 ) + ; 2 r t (^| + ) 

m 'R lL (v x r 1 ~ iyj) flfl? 2 (iy 2 -iy,) 

^h ^2 ) ^ *2 ; i (^1 ” ^2 ^ ^1 ^ 2 ( ; i ^2 ) — ^26 ( ^2 ) 

For Problems 16-17 

A i metal bar is moving with a velocity of 5 cm s“* over a U-shaped 
c< utMcior. At / = 0. the external magnetic Held is 0.1 Tout of the 
page and is increasing at a rate of 0.2 T s“‘. Take ( = 5 cm. and at 
/- 0. .v-5cm. 


0 

® 

0 

® < 

® 
l U - MV Hi 

® 

® * 

i 

0 

1_ 

® 

0 

1 

® 

L«_/. 

*■ 

0 


® 


® 


-i 


Fig. 8.350 

16 . Thee. jo. f. induced in rhecircuil is 

a I25 j.iV h -250 p V 

c. -IOOjiV d 300 pV 

17. The current flowing in the circuit is 

a 2.5 A !x 5 A c> I A 


d 2 A 


For Problems 18-20 

In Fig. 8.35! shown, the rod has a resistance R. the horizontal rails 
have negligible friction. A battery of e.m.f B and negligible 
internal resistance is connected between points a and b. The rod 
K initially at rest. 


Current due to 
bftdery 



Fig. 8.351 

18. The force on the rod as a function of the speed v (where x 
= niR/B( 2 ) is 


a. 




E , 

— ( +■ e 
Bf 


-i/r 


3 E . 
C. — — (1 —e 

2 Be 


i/r 


3 £ 
a. - — 
2 BP 


b. 


2 E 

d. — 

Bt 


d — 
2 R 


d-(I - e ) 

2 BP 

19. After some time the rod will approach a terminal speed. 
Find an expression for it, 

E E_ 

IBP ' Bt 

20. The current when the rod atiains its terminal speed is 

IE Bt 3 E 

a. — h - c. — 

R R 2 R 

For Problems 21-22 

A long, thin solenoid has 900 turns per meter and radius 2.50 cm. 
The current in the solenoid is increasing at a uniform rate of 
60.0 A What is the magnitude of the induced electric field at 
a point near the center of the solenoid and 

21. 0.500 cm from the axis of the solenoid? 

a. 54;rx lO^NC" 1 b. 48 ttx lO^NC' 1 

c. 36;rx lO^NC" 1 d. I8;rx I0‘ K N C' 1 

22. 1.00 cm from the axis of the solenoid? 

a. 50vrx UP* NC' 1 b. I00^x I0“* N C' 1 

c. 81 xx I0 -*NC-' d. 36^-x lO^NC* 1 

For Problems 23-27 

The magnetic field within a long, struight solenoid with a circular 
cross section and radius R is increasing at a rate of dBfdt. 

23. The rate of change of flux through a circle with radius 
inside the solenoid, normal lo the axis of the solenoid, and 
with center on the solenoid axis is 


rz 1 dB 
a. V 2 jin — 
dl 

b. 

1 2 dB 
-jrn — 

2 1 dt 

, dB 

C. 7Cl\ - 

' dl 

d. 

3 2 dB 

-m\ — 
2 1 dt 


24. The magnitude of the induced electric field inside the 
solenoid at a distance >\ from its axis is 
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r, dB 

SL —- 


L dB 
hr.— 
1 dt 


c. 


3/[ dB 




2 dt ~ ' dt 2 dr & dt 

25. The magnitude of the induced electric field outside the 
solenoid at a distance r 7 from the axis is 


a. 


c. 


R 2 dB 
, dt 

3 R 1 dB 


b — — 

2 r 2 dt 


2 r 7 


dt 


d. 


R l dB 
V 2 ;x dt 


26* Graph the magnitude of the induced electric field as a 
function of the distance r from the axis from r = 0 to r = 2 R, 




b. 




d. 

Fig. 8.352 


27. The magnitude of the induced e.m.f. in a circular turn of 
radius RI2 that has its cenhe on the solenoid axis is 


a. 


Adt) 


b. 


R(dn] 
4 l dt) 




For Problems 28-29 

A long solenoid of radius R has // turns of wire per tin it length and 
carries a time varying current that varies .sinusoidally as / ^ i ilyM 
cos cot , where / imix is the maximum current and co is the anguku 
frequency of the alternating current source (shown in Fig. 8 .353). 


rath or 



28. The magnitude of the induced electric field inside the 
solenoid, a distance r < R from its long central axis. 


a. —^ r sm cot 

//()/(/ to 

b. --- >1UV r cos cot 

2 

2 

c. jj^l^cors in cot 

d. / f) m<iv /'.sir cot 

2 

The magnitude of electric field outside the solenoid t 
distance r > R from its long centra) axis is 

a. — — -sin (Dt 

2r 

sil , m 

p 0 nl mu aR 2 . 

c. — — -sm at 

3 r 

d. sm (Of 

2 r 


For Problems 30^32 

A square conducting loop, 20.0 cm on aside, is placed in the same 
magnetic field as shown in Fig. 8.354; centre of the magnetic field 
region, where dBldt = 0.035 1' s _1 . 



Fig. 8.354 
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30, The directions of induced electric Held at points a . b and c: 






Pig. 8.355 

31. The current induced in the loop if its resistance is 2.00 Q is 

a. 2.50 x 10' 4 A b. 4.35 x 10“ 4 A 

c. 1.25 x 10- 4 A d. 7.00 x 10' 4 A 

32. The potential difference between points a and b is 

a, 6 V b. 0 

c. 10 V d. 12V 

For Problems 33-34 

A thin non-conducting ring of mass m, radius a, carrying a charge 
q can rotate freely about its own axis which is vertical. At the 
initial moment the ring was at rest and no magnetic field was 
present. At instant / - 0, a uniform magnetic field is switched on 
which is vertically downwards and increases with time according 
to the law B - BqI . Neglecting magnetism induced due u> 
rotational motion of the ring, calculate 

33. the angular acceleration of the ring and its direction of 
rotation as seen from above 


a. 


c. 


Eq_ 

2ma 

2Eq 


, anticlockwise 


h —.anticlockwise 


ma 


, clockwise 


d. —.clockwise 


ma 


34. the power developed by the forces acting on the ring, as a 
function of time 


a. 


For Problems 35-40 

In Fig. 8.356./, = 10e' 2 ' A, i 2 = 4 A and V c = 3e~ 2l V. 



35'. The current i L is 

a. (2-2(1 A b. [2 + 2(1 - e~ v )] A 

c, [3 - 2( i - e'*)) A d. [2 + 3( 1 - eT 2 ')) A 

36. The variation of current in the inductor with time can be 
represented as 

h (A) 



b. 



Fig. 8357 

37, The potential difference across inductor V L is 

a. 8<T 2 ' V b. 9e' 2 ‘ V c. ]6<T 2 ' V d. 18«“ 2 ' V 

38, The variation of potential difference across A and C (V AC ) 
with time can be represented as 


-12 



E 2 q 2 

- — I 

£V 

b. ~-^-i 


2m 

m 

28 

2E 2 q 2 

-—; 

m 

m 

12 


Vac 



Fig. 8.358 
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39. The potential difference across AB (V AB ) is 

a. Se~ v V b. -e _3 'V c. 17c* 2 'V d. V 
2 

40. The variation of potential difference across C and D (V CD ) 
with time can be expressed as 






Fig. 8.359 

For Problems 41-43 

In the circuit shown* switches 5 l and have been closed for 1 s 
and 5 2 remained open* Just after 1 s, switch S 2 is closed and 5, and 
Sy are opened. Find after that instant (/ = 0): 


to in 



Fig. 8.360 

41. the maximum current in the circuit containing inductor and 
capacitor only (only S 2 is closed) 

, 4-ij . 44 

c. 44) 44) 

42. the maximum charge on the capacitor 

* 4,4) ■>. 4.4) 

0.44) d.44 

43. the charge on the upper plate of the capacitor as a function 
of time 

*4444 *4444 


c 44M'4 4 4 i+ <M ,, '7) 

For Problems 44-48 

In the circuit shown E = 120 V* R : = 30.0 R 2 = 50.0 Q and 
L = 0*200 H. Switch S is closed at / = 0. Just after the switch is 
closed* 





---VWV-<►/, 

K' l 

—^— • . m w * 


Fig. 8.361 

44. The potential difference K* across the resistor/?, is 

a. 60V h 100V c. 120V d90V 

45. which point* a or/>* is at higher potential? 

a. point a 
b* point b 

c. points a and b both will be at the same potential 
dL none of these 

46. The potential difference across the inductor L is 

a 60V h 100V c. 120V d 90V 

47. Now the switch s is opened* just after opening the 5* what is 
the potential difference V* across the resistance /?,? 

a. 72V h 36V c. 56V d 90V 

48. which point, c or d x is at a higher potential? 

a. point c 
h point c! 

c. points c and Jure at the same potential 
d none of these 

For Problems 49^50 

In a very long solenoid of radius R. if the magnetic field changes 
at the rate of dBIdt * 

49. The induced e.m.f, for the triangular circuit ABC shown in 
Fig. 8*362 is 



Fig. 8.362 
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50. Calculate ihc induced e.m.f. between the ends of length A/?, 
if AC and BC were removed from ihe circuit. 



For Problems 51-53 

In the given circuit, all the symbols have their usual meanings. At 
; = 0, the key K is closed. Now answer the following questions. 



Fig. 8.363 

51. At t ~ 0, the equivalent resistance between A and B is 

a. + b R { + R 2 

c. /?, + Ry d indeterminate 

52. At / —» «,the equivalent resistance between A and B is 

a. /?, +f? 2 + ^3 h R { +R 2 

c. Ri+Ry d none of these 

53. At any time /, 0 < t < <*> (excluding the cases / —> 0 and t «), 

the equivalent resistance between A and B is 

a/?, +/? 2 + ^ h R { + R 2 

c.R } +R 3 d none of these 

For Problems 54-56 


R , R? 



In the circuit shown in the figure, E - 15 V, /?, = 1 £2, R 2 = l Q, Rj 
= 2H andZ.= 1.5 H. The currents flowing through R { ,R 2 arid R 2 
are / / 2 and / 3 , respectively. 

54. Immediately after turning the switch S on, 

a /j — i 2 — 7.5 A, /" \ — 0 A b 1 1 = 13 — 5 A, i 2 — 0 A 

c /j = i 2 = 9 A. = 0 A d 1 j = i 2 - i$ = 0 A 

55. After the circuit reaches the steady state. 

a i, = 9 A, /> = 6 A, iy ~ 3 A b 1 1 = 9 A. A = 3 A. tj = 6 A 

c. 11 = 6 A. i 2 - 6 A. iy - 0 A d /, - 0 A, i 2 = 0 A. = 0 A 

56. Immediately after connecting switch S % 

a/ 3 = 0A and — = 0 A s" 1 


h 4 = 0 A and ^ ^OAs ' 1 
3 di 

c. / 3 = 0 A and the rate at which magnetic energy stored is 
not zero 

d none of these 


For Problems 57- 59 

Two resistors and R 2 can slide without friction along two 
parallel metal guides directed at an angle erto the horizontal and 
separated by a distance b. The guides are not connected at the 
bottom as shown. The entire system is placed in an upward 

dB 

magnetic field which decreases with time as — =-a, and also it 

dt 

dB 

decreases along the guides as — = -p, x = 0 and jr-axis is along 

dt 

the guide as shown In Fig. 8.364. The resistors are made to slide 
with a constant velocity v downwards. 



57. The e.m.f induced due to decrease of B with time only (and 
the direction of current in loop, respectively) (ACW 
anticlockwise, CW —»clockwise) 


a aba (ACW) 


h — tf(CW) 
b 


C. aba(Q W) 


d — (ACW) 
b 


58. The e.m.f. induced due to decrease in B due to change in 
position only 


a J3abv(CW) 
c. /3*av(C W) 

59. .The net current in loop is 
aba + abjfo 
^ R t +R 2 

a 2 iba+ffav 


c. 


R\ J rR 1 


b /to/) V (ACW) 
d jB 2 av (ACW) 

k aba - abflv 
R\ + R 2 

. a 2 iba+flpQv 

d M, 

R\ 


For Problems 60-62 

J 11 Fig. 8.365, a square loop consisting of an inductor of 
inductance L and resistor of resistance R is placed between two 
long parallel wires. The two long straight wires have time varying 
current of magnitude / = / 0 cos ca but the directions of current in 
them are opposite. 






























Faraday's Law and Lenz's Law a.8 7 



Fig. 8.365 

60. Total magnetic flux in this loop is 


a. ^L)n 2 

K 

c. lna 

71 


b. W2|nl 

K 

d. ^In 2 

2 # 


61. Magnitude of e.m.fi in this circuit only due to flux change 
associated with two long straight current carrying wires will 
be 

ju 0 a]r\2 Leo . , 2 [La In 2 Leo . 

u -— sin cot b. —-— sm cot 

k n 

ju^alnl Leo 

^ -— cos cot 

2 n n 

62. The instantaneous current in the circuit will be 


a. 


c> 


. Poa\n2I 0 a> 
cL —-cos cot 


2// 0 g In 2 J 0 a> . 

a ‘ N 

twR 1 + eo 2 L~ 

. 2 // 0 aln 2 / 0 &> . „ 

b. , u - s>n(<yf+ <p) 

c. 

W /? 2 + <y 2 z . 2 

d. —° 0 -r - <p) 

W /? 2 +< W 2 £. 2 


where tan 


'4)L\ 

*"T 


For Problems 63-65 

In the given circuit at / = 0, switch S is dosed. 



20 nF 


Fig. 8.366 

63. The current through Lhe 1 0 H resistor at any instant /( 0 < t 
< <») will he 

a i^-IMW.t)/ b 51,000/3)# 

■ b '6 

c 1 d .^iMwyty 

‘ 6 5 


64. The energy stored in the inductor at any instant t (0 < / < «») 
will be 


a. i[s- 5 <f( )000 ' 3 >'] 2 mJ b. ] 2 mJ 

2 2 

c. —[lnJ d. mi 

2 2 

65. The energy stored in the capacitor and inductor, respectively* 
as t -» « will be 

a. 1 mJ and 62.5 mJ b. 62.5 mJ and 1 mJ 

c. 2 mJ and 62.5 mJ d. I mJ and 60 mJ. 


For Problems 66-68 


In Fig. 8.367* there is a frame consisting of two square loops 
having resistors and inductors as shown. This frame is placed in a 
uniform but time varying magnetic field in such a way that one of 
the loops is placed in crossed magnetic field and the other is 
placed in dot magnetic field. Both magnetic fields are perpen¬ 
dicular to the planes of the loops. 

If the magnetic field is given by B- (20 + 10 1) Wb xvr 1 in both 
regions [t - 20 cm* b- 10 cm and R = 10 Cl, L = 10 H)> 


i 



© 


© 


b = 10 cm 


© 


66 . The direction of induced current in the bigger loop will be 

a. clockwise 
h anticlockwise 

c. first clockwise for some time, then anticlockwise, and 
so on 

d. first anticlockwise for some time, then clockwise, and 
so on 

67. The induced e.m.f. in the frame only due to the variation of 
magnetic field will be 

a. 0.3 V b. 0.1 V c. 0.5 V d. 0.4 V 

68 . The current in the frame as a function of time will be 


—(] 

b. 

— ( 1 - 

20 


40 


d 

±<T' 

20 


10 


For Problems 69-7 1 

There is no current in any part of this circuit for time / < 0 . The 
switch S is closed at / = 0. 
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Fig. 8368 

69. The rate at which the current through the inductor increases 
initially is 

a. zero b. 10 A s^ 1 c. I A s _l d. 5 A s" 1 

70. Current through the 6 Cl resistor 

a. increases linearly with time 
h. increases non-linearly with time 
c. decreases non-linearly with time 
d remains constant 

71. The current through the inductor after a long time will be 

b. infinite 

d. none of these 


a. zero 



For Problems 72-74 


A standing wavey-2A sincos mt is set up in the win tAB fixed 
at both ends by two vertical walls (see Fig. 8.369). The region 
between the walls contains a constant magnetic field B. Now, 
answer the following questions: 


i 


i 


X X X X X X 
X X X X X X 
X X X X X X 




X X X X X X 
X X X X X X 
X X X X X X 


I 


Fig. 8.369 

72. The wire is found to vibrate in the third harmonic. The 
maximum e.m.f. induced is 

4 (AB)a> . 3 (AB)a> 2(AB)m . (AB)O) 

sl - h. - e. - d - 

k k k k 

73. In the above question, the time when the e.m.f becomes 
maximum for the first time is 

2n , n n . it 

a. — b. — c. — d. — 

c 0 O) 2(0 Act) 

74. In which of the following modes the e.m.f. induced in AB is 
always zero? 


a. fundamental mode h second harmonic 

c- second overtone d. fourth overtone 

For Problems 75-77 

In the given circuit, all the symbols have their usual meanings. At 
/ = 0, the key K is closed. Now, answer the following questions. 


Ri 



Fig. 8.370 

75. At / = 0, the equivalent resistance between A and B is 

a. /?[ + /?2 + R$ b. Ry + R 2 

c. + #3 d. indeterminate 

76. At 1 —»the equivalent resistance between A and B is 

a 4 Ry + R 2 + b. Ry + R 2 

c. /?, + Ry d. none of these 

77. At any time /, 0</<<»(excluding the cases / —> 0 and t — » 
the equivalent resistance between A and B is 

a. Ry + R 2 + R^ b. /?, 4 R 2 

c. R | + R 2 d. none of these 

For Problems 78-80 


A fan operates at 200 V(d.c.) consuming L000 W when running at 
full speed. Its internal wiring has resistance 1 Cl. When the fan 
runs at full speed, its speed becomes constant. This is because the 
torque due to magnetic field inside the fan is balanced by the 
torque du^o air resistance on the blades of the fan and torque 
due (ddiction between the fixed part and the shaft of (he fan. The 
electrical Jfewer going into the fan is spent (i) in the internal 
resistance as heat, call it P,, (ii) in doing work against internal 
friction and air resistance producing heat, sound, etc., call it P 2 . 
When the coil of fan rotates, an e.m.f is also induced in the coil. 
This opposes the external e.m.f. applied to send the current into 
the fan. This e.m.f. is called back e.m.f., call it c . Answer the 
following questions when the fan is running at full speed. 

78. The current flowing into the fan and the value of back e.m.f 
e is 

a. 200 A, 5 V b. 5 A, 200 V 

c. 5 A, 195 V d. 1 A,0V 

79. The value of power P y is 

a. 1000 W b. 975 W c. 25 W d. 200 W 


80. The value of power P 2 is 

a. 10000W h, 975W C.25W d200W 


For Problems 81-83 

Fig. 8.371 shows a conducting rod of negligible resistance that 
can slide on a smooth U-shaped rail made of wire of resistance 
lOm' 1 . Position of the conducting rodat/ = 0isshown.'A time- 
dependent magnetic field B = 2/ lesla is switched on at r = 0. 
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Fig. 8.371 

81. The current in the loop at t = 0 due to induced e.m.f. is 

a. 0.16 A, clockwise b. 0.08 A, clockwise 

c. 0.08 A, anticlockwise d. zero 

82. At t = 0, when the magnetic field is switched on, the 
conducting rod is moved to the left at a constant speed of 
5 cm s _1 by some external means. The rod moves perpen¬ 
dicular to the rail. At t= 2 s, induced e.m.f. has magnitude 

a. 0. J 2 V b. 0.08 V c. 0.04 V d. 0.02 V 

83. Following situation of the previous question, the magnitude 
of the force required to move the conducting rod at a constant 
speed of 5 cm s _l at the same instant / “ 2 s is equal to 

a. 0.16 N b. 0.12 N c. 0.08 N d. 0.06 N 


For Problems 84-86 


A massless rod AB of length 2 i is placed in a uniformly varying 
magnetic field confined in a cylindrical region of radius (R > l) as 
shown in Fig. 8.372. The center of the rod coincides with the 
center of the magnetic field. The rod can freely rotate about an 
axis that passes through its center and perpendicular to its length. 
Two particles, each of mass m and charge q are attached to the 
ends A and B of the rod. The time varying magnetic field in this 


cylindrical region is given by B - B 0 



where is a 


constant. The magnetic field is switched on at time t = 0. 


(Consider £ 0 - 100 T, i - 4 cm, “ - — C kg ’). 

m 100 



c. pure rotational motion 

d. none of the above 

85. Two neutral particles C and D of mass 2m each are placed 
on two diametrically opposite points as shown in the figure. 
Consider the following statements and choose the correct 
option. 

i. A will collide with Candfi will collide with£> 

ii. A will collide with D and B will collide with C 

iii. As magnetic force is a no-work force, so the energy of 

a 1 

the system will remain conserved and is equal to- 

iv. Considering the rod to be conducting, the magnitude of 
the potential difference between O and A is equal to the 
magnitude of the potential difference between O and B 

a. Statements (i) and (iii) are correct 

b. Statements (ii) and (iii) are correct 

c. Statements (i) and (iv) are correct 

d. Statements (ii) and (iv) are correct 

86. The time after which A and B will collide with the 2m masses 
kept at C and D is 

a. t = 1 s b. 2 s c. 4 s d. 8 s 

For Problems 87-89 

Two capacitors of capacitance C and 3C are charged to potential 
difference V 0 and 2l / 0 , respectively, and connected to an inductor 
of inductance Las shown in Fig. 8.373. Initially the current in the 
inductor is zero. Now, the switch S is closed. 

Yo 2 v 0 

^ik-, 

C 3 C 

v 

IM I 


Fig. 8.373 

87. The maximum current in the inductor is 



88 . Potential difference across capacitor of capacitance C when 
the current in the circuit is maximum is 


a. 


c. 


4 

5^ 

4 



d. none of these 


89. Potential difference across capacitor of capacitance 3 C 
when the current in the circuit is maximum is 


a. 




4 

5V 0 


4 


b. 


Yo 

4 


84. The type of motion executed by the particle A is 

a. uniform circular motion 

b. non-uniform circular motion 


c. 


d none of these 
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For Problems 90-92 

In Fig. 8.374, there is a conducting loop ABCDEF of resistance A 
per unit length placed near a long straight current-carrying wire. 
The dimensions are shown in the figure. The long wire lies in the 
plane of the loop. The current in the long wire varies as I = / 0 (/)■ 


93. The potential across the capacitor after I s of its connection 
to position lis 



a. 5x 10^2 + ij 1 


c. 5x 10 3 | l+- |V 


b. 5 X 10 3 


2-- |V 

e, 


d. none of these 


94. The maximum current flowing in the LC circuit when the 
capacitor is connected across the inductor is 


a. | 2-~ | x 10 4 A 


> R) 


x 10 4 A 


*R) 


xlO 4 A 


d. none of these 


90. The mutual inductance of the pair is 


2k \ l 
c. + ' 

K 


b. ^ln 
Its 


(¥) 


d. !*j!±± 


K 


91. The e.ni.f. induced in the closed loop is 


«. ^ 4—1 

2 * l / ) 


b. ^fi£|n 
2 n 


2 a-t 


95. The frequency of LC oscillations is 

a. (20/rf) Hz ^ h (2f$ Hz 

c. (40/^Hz d (17/^Hz 

For Problems 96-97 

A brillant student of physics developed a magnetic balance to 
weigh objects. The mass m to be measured is hung from the 
centre of the bar. Bar is kept in a uniform magnetic Field of 1.5 T 
directed into the plane of the figure. Battery voltage can be 
adjusted to vary the current in the circuit. The horizontal bar 
shown is 60 cm long and is made of extremely light weight 
material. It is connected to the battery via a resistance. There is 
no tension in the supporting wires. The magnetic force only 
supports the hanging weight. 

B 


c. + 

d. 


- i 

Variable 

supply 

Jt \ ( ) 

71 \ 

. t ) 



92. The heat produced in the loop in time t is 

-a 

at 


I'a. ln (<L±iX 

2n{ t P 


4A 


h 


in 




il 


at 


5 n 


x x x x x b x 


c. 




3/t 


d. 


U 


X X 


at 


XXX 


6A 


For Problems 93-95 

Initially the capacitor is charged to a potential of 5 V and then 
connected to position 1 with the shown polarity for 1 s. After 1 s 
it is connected across the inductor at position 2 . 

I00G 1 2 



- WWW - 


- 10 V “ 

+ 

r 10 mF = 

o 

o 

L- <=> 

LJ 


L = 2.5 mH 


Fig. 8.376 

96. Which point of battery terminal is positive? 

a A h B 

c. either of A or B d cannot be found 

97. If V = 150 V, what is the maximum mass m? 

a. 1.3 kg h. 1.8 kg c. 2.2 kg d 2.7 kg 

For Problems 98-100 

Consider two parallel, conducting frictionless tracks kept in a 
gravity-free space as shown in Fig. 8.377. A movable conductor 
PQ y initially kept at OA , is given a velocity 10ms _l towards 
right. The space contains a magnetic field which depends upon 
the distance moved by conductor PQ from the OA line and 
given by 


Fig. 8.375 
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P 



—* /. 

B =cx(-k ) |c = constant = I S.K unit| 

The mass of the conductor PQ is I kg and length of PQ is 1 m. 
Answer ihe following questions based on the above passage. 

98. The distance travelled by the conductor when its speed is 
5 m/s“' is 



c, (I0) l/3 d none of the above 

99. The heat loss during the lime interval / = 0 to lime / seconds, 
when the speed of the conductor is 5 m s' 1 Is 
a 50 J h 30J 

c. (0 J d none of the above 

100. The work done by magnetic force acting on the conductor 
PQ during its motion in the time interval / = 0 to / = / seconds 
when the speed of conductor is 5 m s' 1 is 
a zero tx 50J c. 10J d 30J 


M atchi n g • Colujrm ^ 
'Type ; '■ 


Solutions on page S.J41 


L The switch S in the circuit is connected with point a for a 
very long lime, (lien it is shifted to position b. The resulting 
current through the inductor is shown by curves in the 
graph for four sets of values for the resistance R and 
inductance L (given in column l). Which set corresponds 
with which curve? 


oil 5 

-vWA 

R 




Column I 

Column II 

i. /?q and Z^q 

SL I 

Ii. 2 R 0 and Lq 

h n 

ilL R 0 and 2 Lq 

c. m 

iv. 2V? 0 nnd 2 

d IV 


2. The magnetic field in the cylindrical region shown in 
Fig. 8379 increases at a constant rate of ! 0.0 mT s‘*. Each 
side of ihe square loop abed and dejti has a length of 2.00 cm 
and a resistance of 2.00 £1. Correctly match the current in the 
wire ad in four different situations as listed in column I with 
the values given in column 11. 



Column I 

Column II 

i. The switch is closed 
but S 2 is open 

a 5 x 10~ 7 A, rfZ.to a 

ii. S | is open but $ 7 is closed 

h 5 x 10" 7 A, a to d 

iil. both and S 2 are open 

c. 2.5 x lO^A* d to a 

, hvhoth S\ and S 2 ai'e closed 

d no current flows 


3, Match the following column. 


Column I 

Column 11 

i. Inductance of a coil 

ii. Capacitance 

lit. Impedance of coil 

rv. Reactance of a capacitor 

a. Depends on resistivity 
ii Depends on shape 
c. Depends on medium 
inserted 

d Depends on external 
voltage source 


4. Fig. 8.380 shows o metallic solid block, placed in a way so 
that its faces are parallel to the coordinate axes. Edge lengths 
along axes x t y and z are a, b and c. respectively. The block is 
in a region of uniform magnetic Held of magnitude 30 mT. 
One of the edge lengths of the block is 25 cm. The block t.s 
moved at 4 m parallel to each axis and in turn, the 
resulting potential difference V that appears across the 
block is measured. When the motion is parallel to the y-axis, V 
= 24 mV; with the motion parallel to thez-axis, V=36 mV; with 
the motion parallel to the A-axis, V - 0. Using the given 
information, correctly match the dimensions of the block 
with the values given 


Fig. 8.378 
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Fig. 8.380 


Column I 

Column D 

L a 

a. 20 cm 

ii. ^ 

h 24cm 

ill. c 

c. 25 cm 

be 

IV. — 

d 30cm 

a 



5. Column 1 gives situations involving a charged particle which 
may be realized under (he condition given in column 11 . 
Match the situations in column 1 with the conditions in 
column II. 


Column I 

Column II 

1. Increase in speed of a 
charged particle 

IL Exert a force on an 
electron initially at rest 

Hi. Move a charged particle in 
a circle with uniform speed 

iv. Accelerate a moving 
charged particle 

a. Electric field uniform in 
space and constant in lime 

b. Magnetic field uniform ir 
space and constant in time 

c. Magnetic field uniform ir 
space but varying with 
time 

d Magnetic field non- 
uniform in space but 
constant with time 


6 . Column 1 shows the cylindrical region of radius r where a 
downward magnetic Held B exists, where B is increasing 


at the rale of —. A rod PQ is placed in different citation as 
df 

shown. Match the column I with the correct statement in 
column II regarding the induced e.m.f. jn rod. 


Column I 

Column II 

/TV^\ 

a. Induced e.m.f. in rod 

PQ] s —?6 —. 

2 dt 

V- .A V 

/x '\ Q X x\ 

X X X X 1^ 

\* X X x/ 

r \X X x/ 



7. A uniform but time varying magnetic field B(t) exists in a 
cylindrical region of radius a and is directed into the plane 
of the paper, as shown in Fig. 8.381. The magnetic field 
decreases at a constant rate inside the region. If r is the 
distance from the axis of the cylindrieal region then match 
column [ locolumn II. 



Column I 

Column H 

I. Induced electric field al 
point A 

it. Induced electric field at 
point B 

Hi. Force on an electron 
placed at point A 
iv. Force on an electron 
placed at point B 

a Directed along 3 

h Directed along 1 

c. Increases as r 

d. Decreases as 1/r 











































Faraday's Law and Len/s Law 8-93 


& In column I some circuits are given. In all the circuits except 
in (i), switch 5 remains closed for long time and then it is 
opened at t = 0 while for (i), the situation is reversed, column n 
tells something about the circuit quantities. Match the 
entries of column I with the entries ol'cmimn It. 


Column I 


Column II 


YoYtfoT 

L 




u. 


TUMr 


V 


-AWW- 

R 




iii> 


TffOTT 




rv. 


L 


X 


~ J W^Ar 

—l-r 


2 u Induced e.m.f. can be 
greater than E. 


b. Induced e.m.f. would be 
less than E. 


c. Finally, energy stored in 
inductor is zero. 


d Finally, energy stored in 
inductor is non-zero. 


9. A rectangular loop of wire with dimensions ( and h has N 
turns and a total resistance R. The loop moves wtth constant 
velocity from AB to PQ in a region of uniform magnetic 
field as shown. Lct .v be the distance at AB from PQ. 


8 

' x x x x x 

X X X X X 



D 

h 


h 


c 


x x x x x 


5 


/> 


R 

■( 


Fig. 8 J82 


Column I 

Column n 

Flux linked with the loop 
i. 0 <jc <b t BNtx 
li. b<x<2b, BNtb 

UK. 2b<x<3b 1 BNtttb-x) 
iv. x>3b 

E.m.f. induced in the loop 
2L BvtN 
b 0 

c. -BvW 

d. BvN 


10. Magnetic flux in a circular coil of resistance 10 il changes 
with lime as shown in Fig. 8.383. Cross indicates a direction 
perpendicular to paper inwards. Match the following. 



X X X X X X 
X X^X XX X 


xj x x x x Y 

a x x x x y 

x\k x xx/x 

X X X X X X 


Fig. 8,383 


Column I 

Column II 

i. At 1 s, induced current is 

ii. At 5 s, induced current is 

Hi. At 9 s, induced current is 
iv. At 15 s. induced cunent is 

a. Clockwise 
h Anticlockwise 
c. Zero 

d 2 A 


11. A conducting loop is held in a magnetic field such that the 
field is oriented perpendicular to the area of the loop as 
shown in Fig. 8.384(a). At any instant magnetic (lux density 
over the entire area has the same value but it varies with time 
as shown in Fig. 8.384(b). 

<S> Observer 


R (positive direction of field) 



8 



Fig. 8.384 


Column I 

Column II 

i. Induced current in the coil 

a. For t 2 < 1 < 

is in the clockwise sense 


ii. Induced current in the coil 

h For / 3 < 1 < / 4 

is in the anticlockwise sense 


Hi. Induced current is zero 

c. For i s < 1 < / 6 

iv. Induced current is maximum 

d. For / 4 < 1 < t s 
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12. Lei x = E/B y y = J and z = ~ where in length R and 

i^o rc 


C arc resistance and capacitance, respectively. 


Column I 

Column IT 

i. x and y* have same 

a. M 0 L°r 1 

dimensions as 


ii. y and z have same 

li M 0 Lr' 

dimensions as 


iii> z and x have same 

c. MLT 2 

dimensions as 


iv. none of the pairs has 

d Ml^T 2 

sjtme dimensions as 



13, A frame ABCD is rotating with the angular velocity a )about 
an passing through the point O perpendicular to the plane 
of paper as shown in the Fig. 8.385. A uniform magnetic field 

B is applied into the plane of the paper in the region as 
shown. Match the following. 



Column I 

Column H 

i. Potential difference 
between A and 0 

a. zero 

Ball 

ii* Potential difference 

h - 

between 0 and D 

2 

iii. Potential difference 
between C and D 

c. Beal? 

liv. Potential difference 
between A and D 

d constant 


14* Fig. 8.386 shows two coaxial coils M and N. Column 1 is 
regarding some operations done with coil M and column 11 
about induced current in coil N> 


M N 




CohimnI 

Column n 

i. Just after the switch 5 is 

a Current is induced from 

closed i 

A toB 

li. Switch S is opened after 

U Current is induced from 

keeping it closed for a 

B to A 

long time. 

iii. After the switch S is closed 

c. No current is induced 

for a long time 
fv. Just after the switch S is 

d Current is induced either 

closed while moving M 

from A to/? or from# 

away from N 

to A 


Archives 


Fill in the Blanks Type 


Solutions on page 8.145 


1. A uniformly wound solenoidal coil of scif-inductancc 
1.8 x KT* henry and resistance 6 Q is broken up into two 
identical coils. These identical coils are then connected in 
parallel across a 15 V battery of negligible resistance. The 

time constant for the current in the circuit is _ 

seconds and the steady state current through the battery is 
_amp eres. (UT -JEE, 1989) 

2. If and p 0 are, respectively, the electric permittivity and 

magnetic permeability of free space, £<\nd pare corresponding 
quantities in a medium, the index of refraction of the medium in 
terms of the above parameter is_. (DT-JEE, 1992) 

3. In a straight conducting wire, a constant current flowing from 

left to right due to a source of e.m.f. When the source is 
switched off, the direction of the induced current in the wire 
will be_ (nT-JEE>1993) 

4. The network shown in Fig. 8.488 is part of a complete circuit. 
If at a certain instant the current f/> is 5 A, and is decreasing 
at a rate of 10 5 A/s then V n - V A - -V. (UT-JEE, 1997) 


. / 

a • *~a/wvv— 1 r^^nnr— 

IQ 15 V 5 mil 

Fig. 8*488 


True or False Type 

1. A coil of metal wire is kept stationary in a non-uniform 
magnetic Held. An e.m.f. is induced in the coil. 

(I1T-JEE 1986) 

2* A conducting rod AB moves parallel to the .v-nxis in a uniform 
magnetic field pointing in ihc positive ’-direction. The end A 
of the rod gets positively charged- (IIT-JEE19K7) 
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Fig. 8.489 
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Single Correct Answer Tpye 

1. A conducting square loop of side L and resistance R moves 
in its plane with q uniform velocity v perpendicular to one of 
its sides, A magnetic induction constant in time and space, 
pointing perpendicular to and into the plane of the loop exists 
everywhere. (IIT-JEE, 1989) 

I ® ® @ 


® ® ® 

Fig. 8.490 

The current Induced in the loop is 
a. BLvlR clockwise h BLvlR anticlockwise 

c. 2BLv/R anticlockwise d zero 

2. A thin circular ring of area A is held perpendicular to a uniform 
magnetic field of induction A A small cut is made in the ring 
and a galvanometer is connected across the ends such that 
the total resistance of the circuit is R. When the ring is 
suddenly squeezed to zero area, the charge flowing through 


the galvanometer is 

(IIT-JEE, 1995) 

BR 

lx ^ 

A 

R 

c. ABR 

. E 1 A 
d —=- 
R 1 


3. A thin semicircular conducting ring of radius R is falling with 

its plane vertical in horizontal magnetic induction A At the 
position MNQ the speed of the ring is V % and the potential 
difference developed across the ring is (IIT-JEE, 1996) 
a. zero 

h BVnR 1 !! and M is at higher potential 
c. ttRBV and Q is at higher potential 
d IRBVand Q Is at higher potential 



4. A metal rod moves at a constant velocity in a direction 
perpendicular to its length. A constant uniform magnetic 
field exists in space in a direction perpendicular to the rod as 
well as its velocity. Select the correct statement(s) from the 
following: (IIT-JEE* 1998) 

a The entire rod is at the same electric potential 
h There is an electric field in the rod 
c. The electric potential is highest at the centre of the rod and 
decrease towards its ends 

d The electric potential is lowest al the centre of the rod and 
increases towards its ends 


5. A small square loop of wire of side t Is placed Inside a large 

square loop of wire of side L(L » i). The loops are coplanar 
and their centres coincide. The mutual inductance of the 
system is proportional to (IIT-JEE, 1998) 

a tIL h Al c. Lit d l?lt 

6. Two identical circular loops of metal wire arc lying on a table 
without touching each other. Loop-A carries a current which 
increases with time. In response, the loop-fl (IIT-JEE, 1999) 
a remains stationary 

h is attracted by the loop A 
c. is repelled by the loop A 
d rotates about its CM with CM fixed 

7. A coil of inductance 8.4 mH and resistance is connected to a 

12 V battery. The current in the coi l Is 1.0 A at approx Imately 
the time (IIT-JEE, 1999) 

a 500s 1x25 s c. 35 ms dims 

8. A uniform but time-varying magnetic field B(l) exists in a 
circular region of radius a and Is directed into the plane of the 
paper, as shown. The magnitude of the induced electric field 
at point P at a distance/ from the centre of the circular region 

(IIT-JEE, 2000) 

B(l) 



a is zero lx decreases as 1/r 

c. increases as r d decreases as 1/r 2 

9. A coil of wire having inductance and resistance has a 
conducting ring placed coaxially within it. The coil is 
connected to a battery at time t = 0, so that a time-dependent 
current l { (t) starts flowing through the coil. If / 2 (<) is the 
current induced in the ring, and B(r) is the magnetic field at 
the axis of the coll to /](/), then as a function of time (r > 0), the 
product J 2 (I)B(i) (IIT-JEE, 2000) 

a increases with time lx decreases with time 

c, does not vary with time d passes through a 

maximum 

10. A metallic square loop ABCD is moving in its own plane with 
velocity v in a uniform magnetic field perpendicular to its 
plane as shown in the Figure. An electric field is induced 

(IIT-JEE, 2001) 
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a. In AD y but not in BC h in B C but not in AD 

c. neither in/4Dnorin£C d in both AD and BC 

11. Two circular coils can be arranged in any of the three 
situations shown in the figure. Their mutual inductance will 
be: (nT-JEE,2001) 


12 . 


13 


14. 


0 




0 ) 



<ii) 

Fig. 8.494 

a maximum in situation (i) b- maximum in siruation(ii) 
c. maximum in situation (iii) d the same in all situations 
As shown in Tig. 8.495, P and Q are two coaxial conducting 
loops separated by some distance. When the switch S is 
closed, a clockwise cujrem I P flows in P (as seen by E) and an 
induced current I Q] flows in Q . The switch remains closed for 
a long time. When S is opened, a current l QX flows in Q . Then 
the direction IQ X and IQ 2 (as seen by E) are (IIT-JBE,2002) 
p 


E 

O 



a. respectively clockwise and anticlockwise 
h, both clockwise 
c* both anticlockwise 

d respectively anticlockwise and clockwise 
A short-circuited coil is placed in a time-varying magnetic 
field. Electrical power is dissipated due to the current Induced 
in the coll. IF the number of turns were to be quadrupled and 
the wire radius halved, the electrical power dissipated would 
be (Iir*JEE,2002) 

a. halved h the same 

c. doubled d quadrupled 

When an a.c. source of e.m.f. sin(100 i) is connected across 
a circuit, the phase difference between the e.m.f. e and the 
current / in the circuit is observed to be ;r/4, as shown in 
Fig. 8.496. If the circuit consists possibly only of R-C or R - 
L or L-C in series, find the relationship between the two 
elements. (IIT-JEE, 2003) 



15. 


16. 


17. 


a. R= I kClyC= lOpF h R= 1 kO,C= 1 p.F 

c. R=\ ka.L= I0H d /?=lkats I H 

A small bar magnet is being slowly inserted with constant 
velocity inside a solenoid as shown in Fig. 8.497. Which 
graph best represents the relationship between e.m.f, 
induced with time (TTT-JEE,2004) 






Fig. 8.498 

An infinitely long cylinder is kept parallel to a uni form magnetic 
field B directed along positive z-axis. The direction of induced 
current as seen from the z*axis will be (DT-JEE, 2005) 

2 l zero 

h anticlockwise of the+ve z-axis 
c. clockwise of the +ve z-axis 
d along the magnetic field 

Fig. 8.599 shows certain wire segments joined logether to 
form a coplanar loop. The loop is placed in a perpendicular 
magnetic field in the direction going into the plane of the 
figure. The magnitude of the field increases with time. /, and 
l 2 are the currents in the segments ab and cd . Then. 
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Fig. 8.499 


(HT-JEE.2009) 


a. l x >h 

h /,<X 

c. /, is in the direction ha and / ? is in the direction cd 
d /, is in the direction *//> and A is in the direction dc 
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Multiple Correct Answers Type 

1. L , C and R represent the physical quantities inductance, 
capacitance and resistance, respectively. The combinations 
which have the dimensions of frequency are 

(I1T- JEE, 1984) 

a. 1 IRC h R/L c. l/VZc d. C1L 

2. A conducting square loop of side L and resistance R moves 
.in its plane with a uniform velocity v perpendicular to one of 

its sides. A magnetic induction B , constant in time and space, 
pointing perpendicular and into the plane of the loop exists 
everywhere (I1T-JEE, 1989) 



Fig. 8.500 

The current induced in the loop is 
a, BLviR clockwise h BLv/R anticlockwise 

c. 'IBLvlR anticlockwise d zero 

3. Two different coils have self-inductances = 8 mH. The 
current in one coil is increased at a constant rate. The current 
in the second coil is also increased at the same constant rate. 
At a certain instant of time, the power given to the two coils 
is the same. At that time, the current, the induced voltage and 
the energy stored in the first coil are / 1( and VV ( , 
respectively. Corresponding values for the second coil at the 
same instant are , V 2 and W 2 , respectively. Then 

(IIT-JEE, 1994) 



4. A small square loop oF wire of side t is placed inside a large 
■ square loop of wire of side L(L » £). The loops are coplanar 

and their centres coincide. The mutual inductance of the 
system is proportional to (IIT-JEE, 1998) 

a. P./L h ? 2 /L c. Lit d L?!t 

5. The S.l. unit of inductance, the henry, can be written as 

(HT-JEE, 1998) 

a, weber/ampere h volt-second/ampere 

c. joule/(ampere) 2 d ohm7$ccond 

6. A field line is shown in Fig. 8.501. This field cannot represent 

(HT-JEE,2O06) 



a. Magnetic field h Electrostatic field 

c. Induced electric field d Gravitational field 

7. Two metallic rings A and B> identical in shape and size but 
having different resistivities p A and p B > are kept on top of two 
identical solenoids as shown in Fig. 8.502. When current I is 
switched on in both the solenoids in identical manner, the 
rings A and B jump to heights h A and h B> respectively, with 
h A > h B . The possible relation(s) between their resistivities 
and their masses m A and m B is(are) (IIT-JEE, 2009) 



Fig. 8.502 

& Pa>Pb and m A = m D k Pa < Pb and m A= m B 

p A >p B and m A > m B d p A <p D and m A <m B 

Assertion-Reasoning Type 
Mark your answer as 

a. Statement I is true, Statement II is true; Statement II is a 
correct explanation for Statement I. 
h Statement I is true, Statement II is true; Statement II is NOT a 
correct explanation for Statement I. 
c. Statement I is true, Statement II is false, 
d Statement I is false, Statement II is true. 

1. Statement 1: A vertical iron rod has coil of wire wound over 
it at the bottom end. An alternating current flows in the coil. 
The rod goes through a conducting ring as shown in the 
figure. The ring can float at a certain height above the coil. 



Fig. 8.503 

Statement II: In the above situation, a current is induced in 
the ring which interacts with the horizontal component of 
the magnetic field to produce an average force in the upward 
direction. (IIT-JEE,2007) 
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Comprehension Type 
For Problems 1-3 

In the given circuit the capacitor (C) may be charged through 
resistance/? by a battery Vby closing switch 5,. Also, when S, is 
opened and S 2 is closed the capacitor is connected in series with 
inductor (L) , (HT-JEE, 2006) 



1. At the start, the capacitor was uncharged. When switch 5, is 

closed and S 2 is kept open, the time constant of this circuit is t. 
Which of the following is correct, gy 

a. After time interval t, charge on the capacitor is — 
h After time interval 2r, charge on the capacitor of 
CV( 1 - e' 2 ) 

c. The work done by the voltage source will be half of the 
heat dissipated when the capacitor is fully charged 
d After time interval 2r, charge on the capacitor is 
CV( l-e~‘) 

2. When the capacitor gets charged completely, S, is opened 
and S 2 is closed, Then 

at t = 0, energy stored in the circuit is purely in the form of 
magnetic energy 

\x at any time t > 0 current in the circuit is in the same direction 
c. at / > 0, there is no exchange in the circuit is in the same 
direction 

d at any time t > 0, instantaneous current in the circuit may 



* „ , n t 

a. Q = Qo cos — + - 


3. Given that the total charge stored in the LC circuit is, the 
charge on the capacitor is 

\ / 

£ r 
\2~-jLC 
1 d 2 Q 

- ri— 

dt l 

For Problems'!-6 


2 4lc , 


c. Q = -LC^% 


hr (2 = Qo COS 

d Q = - 


■JLC dt 1 


Modern trains are based on Maglev technology in which trains 
are magnetically levitated, which runs its EDS Maglev system. 

There are coils on both sides of wheels. Due to motion of the 
train, current induces in the coil of track which levitate it. This is in 
accordance with Lenz’s law. If trains lower down then due to Lenz's 
law, repulsive force increases due to which train gets uplifted and if 
it goes much higher then there is a net downward force due to 
gravity. The advantage of Maglev train is that there is no friction 
between the train and the track, thereby reducing power 
consumption and enabling the train to attain very high speeds. 

Disadvantage of Maglev train is that us it slows down the 
electromagnetic forces decrease and it becomes difficult to keep it 
levitated and as it moves forward according to Lenz's law there is 
an electromagnetic drag force. (HT-JEE, 2006) 

4. What Is the advantage of this system? 

a. No friction hence no power consumption 
h No electric power is used 

c. Gravitation force is zero 

d. Electrostatic force draws the train 

5. What is the disadvantage of this system? 

a/Train experiences upward force according to Lenz's law 
h PHction force creates a drag on the train 
c. Retardation 

d By Lenz's law, the train experiences a drag 

6. Which force causes the train to elevate up? 

& Electrostatic force 

h Time varying electric field 
c. Magnetic force 
d Induced electric field 


ANSWERS AND SOLUTIONS 


Subjective Type 


i. « 




The magnetic field at point P [Fig. 8.389 (b)] is 
B= Mo 1 



































Faraday's Law and Lem's Law 8.09 


The magnetic flux through the shaded strip in Fig. 8.387 (a) is 
A> i 


where sin 6 


dtp- (Wdz) 
z 


2 *<J7+z 2 


sin# 


V/ + 2 2 


total magnetic flux through rectangular loop is 
f Uq h sin cot Wzdz 


M 


i 2 * y+r 


= ^2-Win 
An 


y 2 + L 2 ' 

y 2 


i 0 sin cot 


induced e.mX in the loop is 


e s= — ^ — i 0 W cocos cot In 
dt An 0 


L 2 + v 2 ^ 


Mol 0 W^ cos cot )n 
9 An 


([} 

v7 +l . 


dB 

2. a. — =3m'ft- 1 
dt 



The flux associated with one loop iny-z plane. 


nr*B 


„ d$ nr dB nx 10 2 , 

E= — =-=- x3 x 10 3 

dt 4 dt 4 

E= 3^xl0l v 

4 

b. Direction of current is clockwise (c —> b) 

3. (j)— B.A = B {) (i + j), A' (/ + y + £j 


where A' is area of one segment. 

>2 f 


- 2R + 


nR L 


= /? 2 


2-h 


nR 


2 \ 


(p — #()^ / = 2 > 

— = l£l = 2/4' — 
d/ dr 


£= 2«* 





Fig. 8.389 

The current flows from Q to R to P to Q. 

Q->R->P->Q. 

4. a. E ne , = 4B(\ 


1 -- 

1 j 



1 

1 

1 

1 

1 1 



l 

> 



> 

1 

> 

> 

t 

i 

> J, „ 



! w 

i 

i 

i 

i 

i 

i 


vt . | 

i 

L 


t 

< 

< 

< 1 

w 



Fig. 8.390 

Equivalent circuit: 



Fig. 8.391 


£nel=4*(? —2 W)V 
E ncx- ABv(£-2vt) 



A B£v 
AM 


/= 


Bv 

A 


c. Force required on such wire = IVB 




Force = ——(£-2 w) 

/t 


d.Tota) force required to maintain constant velocity 
= Peie = 4xEx/ = E nct x/ 

= 4Bv(£-2vt)X = 45 W (l-2w) 

/t /l 
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e. Thermal power developed in the circuit 


2 

- 47 2 r = 47 2 X(^-2w) = 4-— 2vt) 


Thermal power - 


4 fiV 


(C-2vt) 


5. Equivalent circuit: 



Fig. 8.392 


j_ g(2v/) v J __2Bvvi_ 

~ 2-j2vtZ + 2vtA ~ 2vtX[-j2 + \) 

7 - —f —=—r = constant 
/[ v2 + l| 




Fig. 8.393 

Now flux through loop (1), (p x — Ba 2 sin# 

Flux through loop (2), <p 2 = Ba 2 cos# 
e.m>f. induced in loop (I ), 

E l = - (2/rv) # 0 cos (2;mU/ 2 cos # 
dt 

e.m.f. induced in loop (2), 

E 2 = ^^--(2m>)# 0 cos(2^v/}c/ 2 sin # 
dt 

Net induced e.m.f.. E lwl - + E 2 

- (2^v)/? 0 cos {2m’t)(r (cos #+sin #) 

= (120^) (1.2 x l(r-') cos (120JD)(0.01) 

x (cos #+ sin 6) 

= (1.44/rx i0 _i )cos( I20/r/)(cos #+$in #1 V 
b. e.m.f. will be maximum when cos #+ sin #has maximum 
value. 



</>"(&) = - cos #-sin # 


(as0 < #<2/r) 


#is point of maxima 

At #= /z74, the induced e.m.f. is maximum. 




Fig. 8.394 

<p= na 2 B 

—d (p j dB 2 * 

—- = - jrn 1 — => £- 7ta k 

dt dt 

a. When capacitor is fully charged, charge on capacitor is 
% = c£ 


R 



Fig. 8.395 

c/ 0 = mr Ck 

b. The upper plate of capacitor is at a higher potential. 

c. As the area of the loop is constant when the magnetic 
field decreases, there is a change in the flux associated with 
the loop. Hence, an induced e.m.f. is developed in the loop 
which acts in a direction so as to restore the change in flux. 
This induced e.m.f. acts as a current in the loop which 
rotates in the separation of charges. 

8. / = 0.1 m ; = 2r 2 



Consider a circular region of radius <12 and centre at O. i.e., 
centre the square loop. 

C on A ODC 

Ur« x | x ' X (2) = ' a BI2= \ 11,1 































Faraday's Law and Lenz's Law 8.101 


1 £ AODC t 1 

ill 

Thee.mT contribution of radial components OD and DC is 
zero. 

Hence = ■ P - D • f>c - 


Vqc ~ { Eoc 


[/. E dc is count as II compound of 
electric field is constant across DC J 


le 1 - E, 


DC 


Ef)£—Q.£ => Epc-^Q.IN £ 

9 . a. If angular velocity = constant 


b 

r n~ £ n x 2 
r H = IbB 

r„= IhBx - = IB 

2 2 

a d h IBb 2 

r nol = 0 => W^COS &X - = -- 

mg cos 9= IBb 
9- m 

mg cos cot 



Fig. 8397 


\F -E\ 


ind ) 


R 


= /; E=E m + IR 


^imf _ 


Ba)i?~ B(otr mg R cos ox 

-; h - -+ — - 

2 2 Bb 


18. a. Magnetic (lux passing through the position when the loop 
has rotated by an angle <p 



rmiig 


- BL ? cos 


\e\= — =BL~ sin 4> — 

ill ill 

lei = BLr sin 0 o) 


Current through the loop, 


^ \e\ BLr sin 0a) 


R 


- MB sin 0-(IL')B sin 0- 


R 

B~Ir (Osin 2 0 
R 


^graviiy “ "W ~COS0 

L * 

^>c.“ mg-cos^- 


*ytf 2 L 4 sin : < 
R 


r ricl - la 


a- 


I 


6g A \2coB~l: . < 

— cos#-sin" 

5L 5 mR 


11 . 


c. Longer, because otherwise induced e.m.f, opposes the 
motion of the loop. ^ 

d No, because some energy will convert into heat due to 
(low of current. 

r - Bi \ 

u—ii - 


-VWW- 

(#) 


+■ Hi t 


(h> 


Fig. 8399 


Let rbe the speed of the rod' at any line. Then the equivalent 
and free body diagrams of rod arc shown in Fig. 8.399. 
Applying Newton’s second law to the rod, 

—(»,♦« n 


th 


Where 




Btv 


(i) 

(ii) 


From equations (i) and (ii) 
mg + 


mdv 

lh~ 


B-<\' 


Integrating between proper limits we got. 
o 


" mg + 0 


B~ 


R 


mR , m * + ” 

=> /= TT^/l- 

/TT mg 

12. The rate of electrical energy consumed in the hulh = rate of 
Joss of gravitational PEol'ihts mass = mgv = 100W. Hence M 

100 

=-- I kg. 

10x10 5 
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13. 


® ItB 

~r^~r 




-i|—vAMA /^- 1 

Bfv R 


Fig. 8.400 

By Newton’s law. mg - HB 

ilv 
= m — 
dt 

By KVL£/i» = iR + 

r 

Differentiating (ii) w.ri. time* we get 
dt fir r 

Eliminating ^ by (i) and (iil)* we get 
dt 


(i) 

(ii) 

(tit) 


-- i IB - 




g'fij- 

dt t 


m 

m$ Bi-iB 2 ? 1 - m 


^ di mi 
R — ±— 
dt t" 


(iv) 


di 


I will be maximum when - =0. Use this in (iv) 
dt 

^2, 


nii> Bfi - i[B^c + m) 
mg Bkc 


m + B 2 e 2 c 


(IB 


14. f Eil i' = -A 
J di 


As B= t 7 + <0,2 1 sin (cot + &)\ 

EO.nr) - -nr ((k2)a>cos(d>/ + i 


E = 


<0.2)<ycos(<»/+ 1 


Magnitude oJ the amplitude = - (0.2) w~ 240 mN/C 


15. 



The magnetic field inside ts only due to the current of the 
inner cylinder. 


s*BL 

l7tr 

Magnetic field energy density is not uniform in the space in 
between, the cylinders. At a distance r from the centre, 

u 

2Mo “ 8 *V 

Energy in volume of element (length (?) 

dU R = U B dV= (2jir()dr= &L± d ± 


8 /rV 

U B= M/l h (d L= Moi^ in b 
An * r An a 


Using values* we get 
U= 140 nJ 

16. Considering loop ADFEA 

0= 1 x 1 x£-» <p=B 

dd> dB \ 

\e\= — =— - IV 
dt dt 


1 m 


1.5 m 

-E^ - 


0.25 A 


1/6 A 



' 1/6 A 

1 m 

J 

‘0.25 A 

' 0.25 A 



0.2S A 


t/6 A 


1/6 A 


I m 0.5 m 

Fig. 8.402 

Resistance of loop is, 

■— = 1 Ts _l 
di 

R= 4//x 1 

= 4Q resistance per unit length, ji = 1 m" 1 

1 
4 


current is -0.25 A = - A in anticlockwise direction. 


Considering loop BEFCB 
l I 

0- I x -xB-- B 
Y 2 2 

di 2 dt 2 
Resistance of loop is, 

ff=2//[j+^j = 3r=3Q 


current in loop is = - A 
6 

Applying superposition of loops to get the original loop. 
Hence* current in AE is 0.25 A from E to A 

current in BE is - A from B to E 
6 

current in EE is -- A from F to E . 

12 
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17. a. 


fa±£)_^ ta 

/ fl+a+d s 

l « J 2/r 

u+d J 


0= H£h In 
2/r 


[a+d)[b+a) 


e = 


v fl(6+a + tf) 

_ ^_./ / o^ > ] n f ( a+</ )(^ +0 ) V 


*// 2/r «(A+a + s/) y 


— 

dt 


b. as — >0 the direction of induced current is clockwise 
dt 

Force on the loop will be away from wires. 

18* a. Suppose the magnetic field is into the plane of the page. 



After time/, the length of each side of the square is / = a + 2 vt 
area of square, 

P=(a + 2ut? 

= (a 1 + 4uV + 4uvt) 

4>-Bi 2 - Ba 2 +4Bv~r + 4Ba vt 

\e\- — =%Bv 2 t+48 Va = 4Bt? (2i + a) 
dt 

£- 2Bv(ci + 2vt) 

Hence, e.m.f. is time'depen dent. 

b. The e.m.f. and resistance both are time dependent, but at 
any time / the resistance of loop is fi{a + 2v/), where // is 
resistance per unit length of wire 

f 2 BjJ 

=> t - — = -. current is constant 

R r 

19. a. F tM = F- IdB 


F 





Fig. 8.404 


BdvdB 

m X a = r - -: n 

r 


F - 


BWv 

ZrI 


m 


b. At the stage of terminal velocity 

R B 2 d 2 

B 2 d 2 v 
f- 

di ~ ~ 


dv ^ r 

c.-=-~ 

m 


f d\> _ r dt 

i' F ~^h o* 


dt 


In 


F- 


B 2 d 2 v 


B 2 d 2 


Aj. = J_ 
m 


In 


R 

„ B 2 d\ 

f _ZUZ . aw 

sVv 


i- 




Z?/ 7 


fl'r/ 2 


8 jLL 

\ _ ,, mK 


20 . 



vww- 


_±. 20 


20 


-WW\A— 

4 


Fig. 8.405 

The induced cMii. f. in loop ABHFG 

= — [BA] A— = 2x 10 = 20V 
r/r 


o 
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te induced e.m.f. in loops BCDH and DEFH 
I x 10 = 10 V. 

VfL in top left loop, 

10-(y-z) + (Jc-y)-2y = 0 
A 1 — 4y + z = — LO (0 

'L in right loop, 

10-2-(x-y) -(x-z) = 0 
-4x+y + z=-l0 © 

equations (i) and (ii) it is seen that a: - y = 0 =* no current 
\H (This can also be seen by symmetry) 

> makes solution very simple, now the circuit is 
tmev fl = 0and v F = v, 

v + 20 v-20 v-0 

— T~ + —;;— + ~z — =0 


t>=0 no current in FB. 
■ircuit is 



te of heat production = (40) 2/8 = 200 W 


re not able to observe the symmetry or decide 
0, then write KVL in the lower loop. It will be 
lx = -20 (id) 


i),(ii) and (iii) you will getx=+5,y = 5,z=5A. Heat 
oe, 

10x+ 10y + 20z = 40x5 =200W 


\l 

. i 

f d 2 V 2 dCdv) 

= L 

/ 

df tR 1 

[ C dt 2 + dt dt J 


'A 


■i closed, current in inductor remains i = 


£ 

2R 


i £ ~V\ e 
~ + 2R ~ 2 R 



2 £ £ 

ial difference (V^) = f- — =- 
di _ 2f di^_^2£ 

dt~ T 



Fig. S.406 


1= i't + k 


B£y 

R 


■= l 2 


B£v= L~^ 
dt 




mdv- - £Bi { dt - —x 

nl g2 

mjdv = - £B J«( dt ——J vdt 
B 2 ( 2 

w(Vy- u) = -t BQ —— X 


Q= 


24. a. 


(»y= velocity, when it has moved a distance x) 

B 2 t 2 i \ 

— t j-x-m[v f -u J 

Bt 

l l C 

^i- 




Fig. 8.407 


!= 20 f 

di 


Vinduuor = L^-=lxl0- 3 x20 = 2xl°- 2v 


h 

but 


dt 

/= 20 r = 

0= [' Idt 
Jo 


20 r 
2 

0= 10 1 2 


\ldt = 


0 i 0 t/\i ^ / \ 

Vcpaciror = c = ]0^ = V 

1 2 

c. Energy in capacitor = - x Cx V 

U r = -xl0^xl0'V = ^ x iO** 4 
c 2 2 

U- , , = - xLx/ J = - x 1 xl0 _3 x400/ 2 ■ 

’-'induclor 2 2 

1 „ ^ 

=-x4xr 

2 

U c »=u ini 

1 s 1 -4 

=> = -xl0 8 xr= 2 x -- xr 

r = 4x 10" 3 

, = 2x^= t = 2 VTo x 10~ s s 

VlO 


25. 


1C 


c 


q\ “ 8 CV ,d <V: E * '^fi 


nnnnnnnnp- 


(a> 


Fig. 8.408 {Contd.) 
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2 C 


C 

-rih 




Hh 


"- 1 # 

<b) 

Fig. 8.408 

Applying loop equation in (1) 


L d -l~- 
dt 2 


_3_ 
2 C 


Solution of (ii) is/ 3 = / 0 sin ar 

and co 2 = - - and 
2 CL 

charge / = ^ = / 0 $in ax 
dt 

Integrating, we get q- ^-[)-cosa>r] 
0) 

fiom(i), ^ = (2lZ^l\-L*L 

2 C { 1C j dt 

q will be maximum when L— =0 
dt 


Hence, <7 mM 


■(* 


2 4% 


Hence, from (iv) and (v) 

A> = j ^ 1 ~^- c h j 

= 2 




-2ft 1 


26. 




—WOW'—VWv—i 




2C C dt 


ft 

rVWV— 


' L d, -( q '~ 2q A 

(i) 

—VWV- 

1 1 

- 

dt { 2C J 2C 


-1 1- 

c 


Differentiating (i), we get 


-Ii- 




GO 


GiO 

(iv) 


(v) 


'o = J (ft-2ft) 


12 Cl 

>o = Vfic 
I = V t) JbCL sin^ 


2 Cl 


Potential difference across each capacitor, 
ft 


V - ( .!x - , 1 
1 2 C 2 C 

v = (ft+ft> 

' 3 C 


ft -2r/,'I 


= 3K, 


Fig. 8.409 

Circuit can be analyzed separately 
(i) Inductor 

£= l R + 

dt 

on integrating, we get 

E & 

, L = f-<l-*i) 

K 3 


(ii) 


/-/, Rt 

C r+"A/WV| & 



/ ■£ 

Fig. 8.410 

In loop ABCDEFA.t:= IR l +U-l x )R 2 , 
■£+/,/?, 


■= I 


Ri+R 2 

In loop ABGEFA. £= IR 1 + ^ 

It, c 

Differentiating w.nt. time, wcget 

n „ rf/, ( /?,/?, ) 
dt Ui+^J 


dq 1 
+—x — 
dr C 


c/r 


*j.tA ] x ! xj 


— ^ f "ft +fi ! 


ft ft 


|x~xr/t 


( 1 ) 
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tln/|lV = 


-/?,+* 


R 7 j 


xtl 

C 


(.\ at / = 0, C acts as a conducting wire) 


In 


U/*.J {Wijc 

= JL e l «i « 2 Jc 


* ihrough c spool lor D 

27. The current through the resistance 


/(0=4 


-RtIL _ 


1 


In 2xr 
10x2x10" 


-(£) 


(In 2/10) 

to 2x{ 
*2x10^ 


!■■ 


'\ v |(j*io- 3 ) 


©fit 

The current in the circuit after 4 ms, 

. , 10 (\) 2.5 

1= I (4 ms) --x - =-A 

in 2 UJ In 2 

When the switch is connected in the position AC, the circuit 
becomes an oscillatory circuit. 

The angular frequency, zu, of oscillation, 

co- 1 1 

jLC -v/2x10~* x5x LCT 3 

c0- 10 3 s' 1 

The energy stored in the inductor will go into the capacitor 
at some time during subsequent oscillation, so 


1 tj2 _ Q max 

2 2C 


9m»= 10* 3 X 


2.5 


<7™ = (VI?)/ 

250 xlO -5 
ln2 


In 2 

?nm =3.6xl0r^C 

The energy stored in the capacitor become one half of its 
maximum value when ever the charge wiU btq-± 


. i.e.» 


. (2/t + l)^- 

a t; = 4ms + ' (q = sin COi ). 

4co 


Objective Type 


1. c. No induced current is set up as the magnetic field line of 
earth is not cut by the falling conductor. 

2. b. When the loops are brought nearer, magnetic flux linked 
with each loop increases. Thus the current will be induced in 
each loop in a direction opposite to its own current in 
order to oppose the increase in magnetic flux. This is in 


accordance with Lenz's law. So, the current will decrease in 
each loop. 

3. d* With the increase In the time rate of change of flux, both 
induced e.ru.f. and current increase. But as the induced charge 
does not depend upon time, it would remain the same. 

4. C. When the plane of the coll is perpendicular to the 
magnetic field, then 0 is maximum and induced e.m.f. is 
minimum. 

5. a. Consider the force on an electron in PQ . This electron 
experiences a force towards Q . Clearly, all free electrons in 
PQ tend to move towards Q. 

6. c. The mutual inductance, M, between two colls A and B is 
defined by the equation, e.m.f. induced in B (or A) by 
changing current in A (or B) - M x rate of change of current 
in A (or £). Hence, the mutual inductance M remains the 
same whether X or Y is used as the primary. 

7. b.e = E-IR 

Clearly, the graph is a straight line with negative slope. 

8. b. In the r - t graph, it is clear that from a to b there is no 
change in radius and hence no change in area and magnetic 
flux. Same is the situation from c to d . 

Now, ld = -r[<p) 
at 

\e\=B^Ur 2 ) 

1*1=2 tiB — 
dt 

dr 

Smeeroc^ —= constant 
dt 

Id *< r 


tjui 

9. b. Magnetic field at the centre of a large coil E « 

Magnetic flux linked with smaller coil 

Mo? 2 
= £2— x nr 

2 R 


2 R 


Mot — 
R 


10 b 0 = = 

R R R R 

11. d. When inductances are connected like this in series, then 

L = L l +L 2 + 2M 

12. b.V,-/« + £ -f = !/„ 

13. b. The current is short circuited through induction 1H 
instead of passing through 20 Q. 

Then current through 30 Q is: 
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u.iv i -v,.v l *v,.!£* a 

= Lx 8 = 5.6 x 0.2 = 0.5 V 
8L= 0.5-0.1 = 0.4;L = 0.5H 

15. c. By Lenz’s law clockwise current is induced in both loops. 
Greater the area, large will be the induced e.m.f. Therefore, 
outer loop has greater area. 

16. c. Fm J-u 

6= 90° + 30° =120° 

17. d. E = Magnitude of Induced e.m.f. 


Bf 


CO 


(i) 



Ftg. 8.411 


8=*J- 

2 r 


Id = i=-r 
' ' 2 


(u) 


Using (ii) in (i), we get 


r, (f'J* 

E = B —- 


;rV Bco 


18. h 


2 8 

P=Fv=Bl( v = 1.25 X 10 _:, x50x0.1 x 1 W 
= 6.25 xl0 _3 W = 6,25 mW 
An iterating alternating 

P = EI=(Blv)l 

19. a. The two loops produce equal and opposite magnetic fields. 


B 2 ! 2 


Bvt 

20. c, Btt = mg or B - f^mg or v = 

R 

2L c. Magnetic l ie Id due to larger Loop 

/y 0 l 4/rx I0“ 7 xl 1 

= £ - s - = -T = 2^xlO^T 

2 r 2x0.1 

. Now, magnetic flux linked with the smaller loop, $ 

= NBA cos (Oi= lx 2/rx 10" 6 x 5 x 10* 4 cos o>i 
= Tty. 10“° cos cot weber 

22. d. Induced current in B = 0,006 A = 6 x 10" 1 A 
Induced e.m.f. in B = 6 x 10 -3 x 4 V = 24 x 10 -3 V 
dt 


or 


23, a* 


24xl0 _3 x0.02 A ni _ 
dt= -;-A = 0.16 A 


3x10 


-3 


/ = 


Biv 


_ 5x10 2 x0>3x0,2 . r\ ^ a 

/= -A = 0.6 mA. 

5 

Area and flux are decreasing. So, current flows to increase 
the flux, Clearly, current should be clockwise. So, it flows 
from B to C through 5 Cl, 

24. b. Effective resistance is 4 O. 

tR 


E BN 
~ R~ R 


or i> = ■ 


Bt 


or 

or 


v = 


lxlO 3 x4 


■ms 


“i 


2xl0xl0" 2 
v = 0.02 ms“ l = 2 cms" 1 , 


25.b.ft = W a V or h = N 2 ^^ A 


or 




Comparing with fa = M 1 1 , we get M 2 = — , 

26. a. Component of weight along the inclined place = mg sin 6 

B 7 ( 2 v 


Again, F=BM=B—f = 

R R 


Now. 

27. h 


B 2 ( 2 v 


= or v = 


mg 7? sin ^ 


B 2 ( 2 


/. = « = In 


A» i*“ h 






= I n (\-r 2 ) 






In / 


A=is 4>(* 2 -i> ^ 2 -' 

28. a. The mutual inductance, M. between solenoids P and Q is 
given by e.m.f. induced in Q due to the changing current in 
P = Mx (rate of change of current Iq in Q) 

=> induced e.m.f. in P- (4.0 x I0^)x(2) 

= 8.0xl0^V 
dU 


29. a 


V, = L, — and V, = L, 


dl 


dt 


„ dh . , 

But —- (given) 

dt dt 

i*. Vj ™ L| and ^ = i 2 


V\ _U 


8 4 
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Again, same power is given to the two coils. 

V,/,= vy 2 or -^- = ^- = - 
M 2 2 /, V, 4 


Again, energy = ^Z ,/ 2 


-Lj/j 2 / 


30. h 
But 


Wo _ 2_ 

W ' {w 

= L { Hd- and V 1 = L 1 
dt 


*0 


8 

Hi 

di 


dl\ dl 2 . s 
~dt = ~dt 8 ‘ Ven 

V. = L, und V 2 = / 2 or = - = ■- 

11 22 V 2 2 1 

Again, same power is given to the two coils, 
V|/,= V 2 /j or ^- = ^- = 7 


U 


] 2 

Again, energy = -LI 


Wo 


W 2 


h 


31, a. 

But 


W ' ^Vt 

V, = L, and V 1 =L 1 
dt 

<U\ dU . . . 

^f = -i (8,ven) 


= -( 4) 2 =1 
8 l 


ih 

dt 


V\ = L\ and V 2 =/ 2 or ^ = ^ = 7 = 7 

V 2 Lj Z I 

Again, same power is given to the two coils. 

, V,1,^,1, or 


Again, energy = ~U 2 
£ 


W- 


_ 






h. 


2 , 4 

= —(4 ) 2 = — 
8 V 1 


32. d.l£l = fl w fv 

= 2xlO- J x2x50V 
= 2x 10 " 2 V 
= 2mV 

Using Fleming's left hand rule, we find that electrons shall 
experience force towards A. B will he deficient of electrons. 
So, B will be positively charged. 

33. d. When the switch is closed (at / = Os), no current 
flows .voltage drop across the inductor is the same as the 


supply voltage of 15 V. Hence, by writing down the voltage 
equation for the circuit, we have 

V= RI+ L— 
dt 

=> 1,6= 4/+0.20 77 

dt 

where I is the current drawn from the source 
At t = 0 s, / = 0, we thus have 


16= 0.20 ij- or ~(t = 0^ = ~ = 0 . 8 As"’ 
dt dt 0.2 

34. b. Magnetic field produced due to current In large loop, 



_ M 

fi.nL 

Magnetic flux linked with smaller loop 
= B\Ai 

_ i&hll 

“ finL 


M = 


/i finL L 


35. c. 


L= 


A> N* A 


If x is length of solenoid with r as radius, then 
jc= 2nrN t A c nr 1 


L= //q 


' x l 


nr 


{4n 2 r 2 J £ 




JLl 

2nr] 


x = 


4 nU 
Mo 


36. b. Let there be element dx of rod at distance x from the wire 
e.m.f. developed in the element, dE=Bdxv 


, E=(^-—']dxv 

U n x ) 

E= Moll\d£ = M^ { b 

O 7T J 1 - 0 Tf e n 
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_ 4/rxlO -7 x 100x5. 100 

E= - 2n - l0g ~ 

= 4.6 x 10“* V=0.46 mV 


E-i— 

37. c. /=- ^-,.\Rl*e-^-L 

R dt 


(taking Integration on both sides w.r.t, V) 
dl 


J RJ dt = J e dt — J L 

Rq= j-^dt-L[I]f *p,-L[I f -I,] 


7 = 


Bu. a-#7t-#** s 


+b 


Then 


In ’ x 

a 

v In a+b 

„ as,„2£±» 

H 2irR b 


38. a. In a superconductor, R = 0 

E 

The induced current is / = — 

R 

E=IR 

-A 

since R * 0„£=0. but E = 

AP* 0 

i.e., Pi - Pf then p f = 0 because p, = 0 
Now p f = m l B - 4 cM[wd = ncP-B - LI 
i.e., ntP’B - U =0 


dt 


r=*£ 


B 


(0 


Work done = ene<gy stored in coil 

- -Lp = 

~ 2 L = 2 L 

39. c. Induced e.m.f. = Qtv. R is internal resistance of seat of 
e.m.f., i.e., of rod 

R R 

Tbtal resistance of circuit = R+ —1—^ 


+ R% 


B£v 


R + t M 2_ 


(*.+* 2 ) 

BtvjRi+Ri) 

R\ Rtt "t* R ( R\ R 2 ) 


40. c. B/f cos 6= mg sin 6 

Here Induced e.m.f. across slider is Bit cos 8 


induced current I = 


BfvcosB 



Prom equation (I) 

.. . BfvcosB 

Bt cos 6 - 


Fig. 8.413 

= mg sin 6 


mg Bsin 8 

y= —- 5 — 

fl 2 f 2 cos 2 0 

41. b. ^(fluxlinked) =a 2 Bcos0° = B 2 Bcos 180® 
= (a 1 -b 2 )B 

_ dp . 2 ,2s dB 
E= — f- *-(a 2 -b 2 ) — 
dt dt 

* (<j 2 -6 2 )fl 0 atcos cot 
where B = B 0 , sin <w, fl 0 ■ 10 -J T, a>* 100 

R 

and B=(4fl+4B)r=4(a + B)r 


/rm*=(« 2 -^ 2 )' 


_ (q-fe)B 0 a> 
4r 


_ (l-0.4)xl0~ 2 xl00 =3A 


111 

4x5xlO -J 


42. a. Let q and v be the instantaneous charge and velocity, 
respectively. 

q = E C(£is induced e.m.f.). 
q=CV 

q = BtvC (.‘.e*Btv) 

/= — = BtC — = BtCa 
dt dt 


Now, F - BU - ma 

F~ BI(BtCa) = ma 
F 


or a = 


m + B 2 ?C 


= 5 ms 2 
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43. c. E y the voltage across capacitor = induced e.m.f. across the 
slider = ££v 

As capacitor does not permit flow of current, there is 
magnetic force on the rod to prevent its fall. 

v 2 = 2gx,v = ~J~2gx 

Em BtJIgx 

■> A 

44. a. For a solenoid! L-p^N —< If jc is length ol wire and d is 
area of cross-section, then 

, R = — and m = axD 


Rm = B*axD , 


Also, x=2 nrN, N = 


x -, 


L -^r) 


2 nr 

ftr 1 p 0 Rm 
t AntpD 


L = 


PqN 2 a' 


45. d. 


where n ~ 


L= Z.<p=NAB 

R 


2nR 




0 = 


A./V 2 r 2 / 


2 R 


L _ l = PpN 2 r 2 l = Py A/~ r 
" / 2Rx\ 2R 
46. a. Here A - 10 x 5 * 50 cnr 
= 50x lO^m 2 


2 j. 


(IB 


= 0.2 T s' 1 


dt 

R= 2 Cl 

E = d ~- = A-- = 50x 10" 4 x 0.02 
dt dt 

= kHv 

Power dissipated in the form of heat 

_ E J _ I0~* x 10~* 

R 2 

= 0.5 x 10’ 8 W 
■ = 5 x l()" ,J W = 5 nW 


47. c. 


.. Pn n, A , „ . 

M = — — o, here t= 1 m 

= 503x lO^H 


48. a. Let / = current in one loop, This magnetic flux at the centre 
of the other co-axial loop at a distance t from the centre of 
the first loop is 

,2 


B = 


//p 2lna_ 

An (a 2 + ( 2 ) in 
r ,2 


where />,„ = / net 1 

= magnetic moment of loop. 
The flux through the other loop is 
<j> {1 = Bna 2 

Po 2nu 2 / 2 


An {a 2 \t 2 ) vl 

Po 2 n 2 a A 

2 > s 2^m 


or 


m 


ni _ 

/ 4;r 2(a 2 + ^ 2 ) 3 


2(fl a +^) w 


^12 “^12 1 

t.iMf! ..,<1 
11 ; 2 < J 

49. b. Magnetic induction at centre of solenoid is 

*-M/ 

4 

Then, flux linked with whole solenoid is 


0= /VBA = 


p D N 2 nr 2 l 


Also, 0= U 


(i) 

(ii) 


L= 


Po N^rr 


or 


L- p n 

= Po 

= Po 


brAnnr_ 

Ant 0 

N 2 An 2 r 2 
Ant 0 

(Af2*r) 3 

4*4 


Now. N7nr^ (’ = length of wire used in solenoid 
Po* 1 


L= 


Ant „ 


then f = 


4;r£ 0 A 




then f = 0.10 km 
50. c. The resistance of the windings is 

R= p—,p is specific resistance. 
A 
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R= p-— 


in 


volume (V ). A (’^ = — 

Pn 

T ■> 

n f ■ 

R - p —./> 0 = density ol wire -p - 

V • w/p n 

* 0 - 

PPo 

As in solution of question -15. 

Pu 1 « 


/.= 


4 ni 


<i) 


till 


is equal to coil and * is length ol solenoid 

i ~ Ml- 'A ! "P. j 

51, d» Magnitude of the circular magnetic field produced is 

-\EJ, = 

J <// 

tlnr- 7 ir~ — 

tU 

I /!!* 

Now # - /z^?/ 

1 d 

/-- - r — , // ji f ] 

2 ,// ' 


(i) 


i-= i w ,r.ir-^M 

2 ^ l ih I 


\yhei e r < a 
Bui when r > it 




B 2nr- jut 


h 

: (IB 

ih 


or 


1 tr <t 

b= r — v i//,>«'> 

/. = 1 AiA'A. / 

2 ;■ 


52, a. Magnetic field at the centre of solenoid 

jV / 

li - p {) —, here A = UKH) 
Magnetic llux linked with solenoid o 
u ti N 4 A 

0- NBA=— -/ 

f 

Also, 0= U 


L- 


juN z A 


Because the core consists of two media, self-induction is 
L= Li + U 

_ JU { N 2 A { //, N 2 A 2 

l 1 r 

For air, y ( = y 0 and for medium. p ? = jy.// 0f where p r - 500 


L = 


-| A, +//, A 2 1 = 0.57 H 


53. cl, (.riven (hat <p- at (T-t) 

if <h d 

Induced e.m.f.. E =— =— |ci/ (T - /)| 
dt dt 

= at (0 ■ I) +■ a [T- i) 

= a (T--‘ It) 

So. induced e.m.f. is also a function of time. 
Heat generated in lime 7'is 

( n 2 * i 

E . a 


H~ !—<//=“ \{T-iitydt 

J « « l 

> r 

fry- +4r- 4/ 71 <// ■= 
J 


/e 


r* 


54. d. Heat/. = 0.2 H,/ = 2sinr 
Induced e.m.f., 

.v . (II ~ c/ v 

fc = -= “2 — (2sm / ) 

<7/ <// 

- -4 cos r 2/ 

- 8/cos/‘(numerically) 

Work done for increasing charge dq 

dW = Edq - 8/ cos/ \I dt) 

- 8/cosr2sinr<// 

= 8/i2$inr cos/ 2 )/// 
i.e.. <IW= 8rsm li 2 di 
Total work done. 

W= JK/ sin 2 V dt 
o 

When /= (),/ = 0 

I - 2 A. sin t ? = \ = stn — .a r -■ 
2 2 

To solve integral in equation (i). put 2r - y 
At dt = dy 

x 

W = 2 J si n \ dy = 211 — cos y | { ^ 
o 

- -2[cos^-eos0| =4J 
W- 4 J 


(i) 
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55. c. Here / for ring to be taken as single loop 
/ = Nq (N is frequency) 

.'. magnetic field produced at the centre of the ring is 

B _ /V jjq My 

2r 2 r 

g= — =2.5xlO~ s C 
Ad B 


56. d 


( N 2 
r t 


02 = 

= 32x I0' 5 Wb 


-csr- 


4xl0‘ 5 Wb 


E= 


-32x)0' Wb 
0.08 


57. a. The current in L for steady state = 


= -A mV 

E_ 


1 » I 

Energy stored in L (£,) = - =- L —- 

2 2 R~ 


58. a. For r< R 


I E I = Magnitude of induced e.m.f = —— 

dt 


l£l= = ^ 

7 dt 

_ _ dB 2 dB 

E (2 nr) - A ~ Kr 

dt dt 


(■■■ 1>b=B~a) 


E<* r 
For r> R 


shows straight line 


E(2x/) = #R l — 
dt 

E~ — 
r' 

:=> shows rectangular hyperbola. 

59. b. = Magnetic field due to outer loop of radius R at 

/V 


0 = 


2 R 



Magnetic flux linked with small loop of radius 

'(4)= S|X^ : 

2K 


Magnetic flux linked with smaller loop 


2 R 


4>b= Ml 


M = 


2R 


Me* — 

R 

60. a. The magnetic flux through single turn of the coil 
(p u = B A - BA cos & 

The total flux through N turns of the coil. 

= NBA cos & 

According to Faraday *s law of electromagnetic induction, 
d$ d 

ruin HU = —7- = -—{NBA cos 6) 
dt dt 


- — {NA cok<9)— 
dt 

Note that only the magnitude of magnetic Held is changing. 

-^00)(100Kcos2(1 o )(L5) 

The current induced in the coil, 


/ 


indued 


'Wed ^ W 
R 0.20 


= 12.95 A 


Since the magnetic flux through the coil is increasing with 
time, the magnetic field due to induced current will be 
opposite to the primary field. Apply right hand thumb rule, 
point your thumb in the direction of induced field, your 
fingers will cur) in the directional sense of induced current. 

61. d. When the flip coil is rotated, ihe magnetic flux through it 
changes, resulting in an induced e.m.f. E and induced 
current / = EIR , where R is the total resistance of the circuit, 


As 


7 = 


dQ 

dt 


Q= jdQ = jl dt 


From Faraday x law, induced e.m.f. 


Ifls 


d<Pg 

di 


<?= [/,/,= = 

J J R R j di 

_ 1 f _ ^0s 

• R-l - R 

This is a generalized result and can be used lo determine 
charge through a circuit in which an e.m.f and a current is 
induced. 

Initial flux through the coil. 0 Bl = +NBA 

Final flux through ihe coil. 0% ~ -NBA ^ ■ 

When the coil is turned through 180° its flux reverses: !i e 
angle between magnetic field and area m F reversed. 
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A<p B = <j> Bf -</>„, = NBA - (-NBA) = 2 NBA 


Q= 


2 NBA 
ft 


62. d. Volume of the balloon at any instant, when radius is r % 


V = 



Time rate of change of volume, 


dV 

—— = 4 7n md 
dt 


dr 

7/7 


Time rale of change of radius of balloon. 


(h _ - 1 _dV 
df Axr 1 dt 

Flux through rubber band at ihe given instant. 
0= BiTrr 1 ) 


Induced e.m.f. 


d0 

~dt 


d -j ^ dr 

-( R)Tr~ \ - - InrB — 

dt dt 


= -2/rrB 


1 dV ) 
4 irr dt ) 


As volume of the balloon is decreasing, 


£_</V 
2/ dt 

dV , 

—- js negative. 


-do%^ x, - ,00><10 "' 

= 20 [4. V 

63. b. When the copper rod is rotated, flux linked with the circuit 
varies with time. 

Therefore, ane:m.f, is induced in the circuit. 

At time /, plane of semi-circle makes angle cot with the plane 
of rectangular part of the circuit. Hence, component of the 
magnetic induction normal to plane of semicircle is equal to 
B cos cot. 

Flux linked with semi- circular pan is 


1 

0 X - -7Ud B cos cot 

Let area of rectangular part of the circuit be A. 
Flux Jinked with this part is 
02= BA 

Total flux linked with the circuit is 


i i 

0= -jrirBcQs{a)t)+ BA 
Induced e.m.f. in the circuit. 


dtp I i 

e- -= -7ZQ)a~ Bs\n((Ot) 

dt 2 

Since resistance of the circuit is negligible, therefore 
potential difference across the capacitor is equal to induced 
e.m.f. in the circuit. 

Charge on the capacitor at lime / is q = CV 


= -xaxr CBair\{cot) 


But current / = — - — 7TC0 2 a 1 CB cost cot) 
dt 2 

Due to How of current, semi-circle experiences a momentum. 
Therefore, power is required to keep the semi-circle rotating 
with constant angular velocity. In fact, power required to 
rotate the semi-circle is equal to electrical power generated 
in the circuit. 

Power required, 

P= el = -x 2 co'a A CB 2 ±\r\(2a)l) 

8 

64. a. Considera point on the circumference of a circle of radius 
r (r < ft). Let £ he the electric field along the tangents to the 
circle. Then E (electromotive force) 

= j>E-dl = E-2xr 


E= - < ^-=--(7n 1 B) = -nr — 
dt dt dt 


Ex2/Tr= - fir J 


dB_ 

dt 


2 } dt 


The minus sign suggests that the induced electric field acts 
to oppose the change in the magnetic field. 



Now consider a point P in the rod and a small distance 
dt - PQ along AB . The electric Held at P is E = 1/2 r dBidt 
along the tangent to the circle as shown in Fig. 8.417. 
Elementary work done 

= (£ cos 0)dl = £ dt cos# 

Draw perpendicular PN from P on OQ . 

Then PN= rdO = df. cos 6 
Elementary work done 

- Erd9 = f ■- r — 1 nld = f ■- r 2 de\-~ 

[ 2 di ) 12 Jdt 

I - ,,, 

But - r'dd =,- area ol the mangle OPQ 

Total work done in taking unit charge from A to £ 

= — x summation of the areas ol elementary triangle 
dt 

dB 

- — x area OAB 
dt 

- P.D. between the ends of AB. 


. dB \ y~i 77 

V = —x-x2xWft' 
dt 2 


dB 

dt 


(sIr 2 ^? 
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65. a. In accordance with Faraday's law of electromagnetic 
induction, the changing magnetic field induces an electric 
field in the ring. Let us imagine the ring to be divided into 
differential elements of length ds and denote the tangential 
component of the induced electric field hy /:,. The charge on 

element ds of the ring is dQ - Q , 

2/rr 

where r is the radius of the ring. The force exerted on it is 
db] = dQE r and the resultant torque is dr - nib,. 

Thus the loUil torque experienced by the ring is 

The induced electromotive force along the nng is directly 
proportional to the rate of change in the magnetic llux, we 
have 

r , d<t> . dB 
J dt dt 

As a result of the torque, the ring, which has a moment of 
inertia / = mr. starts to spin writh angular acceleration a . 
During a time.interval dt its angular velocity changes by 


-dB 


, . r Q ( i dB \ \ 

do) “ ad t - -dt - — -nr - — —-dt - 
/ ln\ dt )mr 

Since the magnetic field strength increases from zero to B , 
the final angular velocity of the ring w ill he 


co- - 


QB 


66. u, 


> The negative sign shows that the direct ton of the 
angular velocity vector is opposite to the magnetic 
induction if Q is positive. 

> The final angular velocity docs not depend on the radius 
of the ring, the time over which the magnetic flux 
changes, or oven on how the magnetic llux increases 
with time. 

> In our calculation we ignored the magnetic field 
produced by the rotating ring. 

> Except in the case of a cylindrical symmetric uniform 
field, it is not possible to find the actual value of the 
induced electric field within the ring because the 
geometrical structure of the magnetic field is unknown 
and we do not know the position of the ring m the 
magnetic field. We can determine the total induced 
electromotive force, hm not the elec me field itself 

Magnetic field of a solenoid on us axis is given as 


li= fi n n! 


! ( y 

--It 1 ' 


N0= NDA = 


./rr 


N 0 _ u {t N 2 m ml 
A " f 


L- 


i 


Total length of the wire, S = 2nrN 


ji^N 1 r 1 n 4n _ ju 0 {2nrNY 

a 4 k 

2 _ An S “ 

Anf An f. 


L= 


L = 


4 nP 


.v= I™ 
V 


67. a. 


jl) d'r =/i { ,l 


Pd~ 

b 


rxixixixixixixixrei 


r*~ l • l • l • l • l • l >|iTTi 

Fig 8.416 

Magnerie flux passing through this double tape 


0= BA = B(J. hi) 

0 _ Vt)V> 

7 b 


: _ Hd 


Ch 


L = -' 


ujb 


_ , U \) 


hu — ^ 1 

P. b 


68. h. F : lux through the strip 

2 nr In l a 


\—H 


Fig 8.417 

The other wire produces the same result, so the total flux 
through the doited rectangle is 


nmal ” 

n \ a 

The inductance of <p UjUi 


L= 0-— = — In [ ——- ) 
/ x \ a ) 
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69. b. Let current i l in the straight wire be upward. Then the 

magnetic field due to the straight wire has magnitude 
B\ = at a distance r. In accordance with right hand 

rule By points inward to the plane of page. We consider a 
differential strip of thickness dr y area dA 2 - a dr. Magnetic 
flux through area dA> d<j> B = By (a dr). 

Total flux through the loop, 

<f> B = \B\dA 1 = \‘* b ^adr 
B » J 1 2 Jr 2 nr 

_ fhh a dr _ // 0 /,fl ( 

2 n ^ r In v c J 

Therefore mutual inductance* 

M= M n =^- = ^L ] n (] + * 
t { In \ c 

70. b. Inductors 5 mH and 10 mH are connected in parallel, hence 

' 5xl0 50 10 „ 

equivalent inductance L^. - -= — = — mH 

^ 5 + 10 15 3 

20 

Current at steady state, 1 = — = 4 A 
10 mH 

-TOW- 


-AAMr 

5 n 


~_20 V 


Fig 8.418 


As Ly and are in parallel 

wf-M 

U+jJ 


h= 4 


— 1 
10+5J 




L ^ 7 nnnnnnnr'— 


-vwv- 

5ft 


±_ 20 V 


Fig 8.419 
10 8 

/.= 4 x — = - A 
15 5 

I 2 = 4x — = - A 
2 15 3 

71. a. When switch 2 is closed, applying KCL in loop 2, we get 

q r di n 
— + £,— = 0 
C 


(i) 
—o 


( 2 > 


Loop ) 


Loop 2 ^ I 


± C 


Fig 8.420 

L^ + l-0 

dr C 

d 2 q -q . d 2 q i A 
dl 2 CL dl 2 ' 


rr 

. <y=J—r 
Vic 


Hence, q = q a cos Oil 


and t = - < 7 o £ 0 sin on 

U c = Energy stored in the capacitor 
< 7 2 < 7, 2 cos 2 rot 

~ 2C 2C 

£4= Energy stored in the inductor 

1 5 1 -> 5 , 5 

= -Li - - Ltfotb sin cot 
when U c = U L 

ql cos 2 on _ qlo> 2 Ls in 2 ait 
2C " 2 

cot 2 aw = orLC= I 


„ . . , n 

For minimum value ol t. Oil = — 

4 


Hence 


/=^s/lc 

4 


72. b» The power dissipated in the resistor, 

„ dw , 
dt 

Since the curreni through resistor varies with time we must 
integrate. 

The total energy produced as heat in the resistor 

W= \~!'R<I, 

Jo 

The current in an RL circuit is 
i=i (fi - tK,Lv 

1V= \~lle- mL Rdt 
We can integrate by substituting 

iv» .J-uiU-'T =-i4 

2RJo 2 1 Jo 2 

Note that the total heat produced equals the energy (1/2) Llfi 
originally stored in the conductor. 
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73. a. Steady-state current in L = / 0 = — 

R \ 


Energy stored in L 



= heat produced in R 2 during discharge. 
til F 

74. d E=L — ordl- — dt 

df L 

2 

or /= -/ = 0.5r 

4 

For 1= 5 A y r = 10s 

75. b. Let L and R be the inductance and the resistance of the 
coil, respectively. Let E = e.m.f of the cell. 

Steady-state current, / 0 = EIR 

2 £ 2 

p=i!r =— 

0 R 


Energy stored in the coil 



or E(2xr) = (xR 2 ) j 


i<e,, — 

r 

or E-r graph is a rectangular hyperbola. 

77. a. Consider a unit charge inside the conductor. As the 
conductor moves wilh a velocity V . the charge inside it will 
experience a force F-VxB. If this unit charge is now 
moved from one end of the conductor to the other* its 
displacement is r. Hence, the work done on it is F.r 

= (\>xB).r. This, by definition, is the e.m.f. across the 
conductor. 

78. d. When a ring moves in a magnetic field perpendicular to its 
plane, replace the ring by a diameter perpendicular to the 
direction of motion. The e.m.f is induced across this 
diameter. In the question current flowing in the ring will be 
through the two semicircular portions, in parallel. 

Induced e.m.f, e-B(2r) vl 

Resistance of each half of ring -/?/2 

As these are in parallel, the equivalent resistance = RIA 

_ , B( 2r)v 8 Brv 

Current in the circuit =-=-. 

(R/4) R 

B = Poll/ 

= 4jtx 10~ 7 x200x 10" 2 x 1.5 


= 3.8 x 10" 2 W/m 2 
p= BA = 3.8 X10 -2 x3.14x KT 4 


= 1.2x 10’ 5 Wb 

when the current in the solenoid is reversed, the change in 
magnetic flux, 

d</>= 2x(1.2x 10 -5 ) = 2.4 x 10“ 5 Wb 
Induced e.m.f., e = N 


d$_ 

dt 

80. b. For r>a 


= 100 x 


(J> E.dl = 


dtp 


dt 


or E(2xr) - xa 1 


E = — 
2 r 


= 5 

dB 


2.4 x 10 
0.05 

dB 


-5 


df 


dt 

dB\ 

dr 


= 0.048 V. 


Induced electric field Ur. 


For r < a 


E(2xr) = 71 r 



dB 

^ r 

dB 

XY Z 


; ovE= - 

— 


dt 

2 

dt 


or r 

At r= a s 


E= a - d ~* 

2 dl 

Therefore, variation of E with r (distance from the centre) 
will be as given in Fig. 8.423. 

E 





Fig 8.421 

81. a. Current at any time / in L - R circuit is 



di 

e= E — - Ee 
dt 


EL 

L 


Eliminating / from equations (i) and (ii), we get, 
e- E- iR 


(i) 


(ii) 


i.e., e-I graph is a straight line with a negative slope and 
positive intercept. 

82. c. Motional e.m.f. 

e = Bv£ 


79. h 
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«=(2)(2)(1)=4V 

This acts as a cell of e.m.f. E - 4 V and internal resistance 
r-2 Q. The simple circuit can be drawn as follows; 



Fig 8.422 


■\ Current through the connector 



Magnetic force on connector 

= U)0)(2) 

= 2N (towards left) 

Therefore, to keep the connector moving with a constant 
velocity; a force of 2 N will have to be applied towards right. 

83. c. Potential difference between centre of the ring and the rim 
is 

V= -BcoR 2 
2 

= ^(50 (2) (0.1)' = 5V 


H 



Fig 8.423 


Now the circuit can be drawn as follows: 
5 V I0£1 

—|i-WW\A>— 


5 V 

-\'~ 


1 —\AMA/V 
K = ion 


ion 

-AAAAAAr 


5 V 


A/WWV— 


M/WWV- 
h = ion 


Fig 8.424 


84. a. 


5 1 

-= - A 

10+5 3 


dd> 

\dq\ = — = idi ~ area under i-f graph 
R 


85. a 


d<j>= (Area under /-/ graph) (R) 
= ^ (4) (0.1)(10) =2Wb 

U= — Li 2 
2 


Rate 
At / = 0. / = 0, 
at / = 


di ydf 


rate - 0 


di 


I ~ / 0 but — = 0, 
dt 

Therefore, rate =:0. 

86. d. Coefficient of mutual induction M is given by . 
ji _ 

i, 


\M\ = 


(c// 2 /dt) 

(25.0xl0”- 1 )(3.6) 


[di 2 /dt) 


(15) 


= 6x 10' 3 = 6mWb 



The desired lime is — or i () . 

r 

89. b. Let £be the electric field at a distance r from the centre of 
the disc. Then 

eE = mco 2 r 
ma?r 

or E = - 

e 

rr=a 

P D. = [ Edr 

n> may r _ may a 2 - 
" Jo ~V " 2e 

/ 

90. d. According to Lenz*s law T e.m.f. of same magnitude in 
clockwise direction is induced in the two loops into which 
the figure is divided. So, current is induced in the clockwise 
direction in the outer boundary but no current is there in 
wireAf?, 
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91. c. Potential difference across the coil is V = L — 

dJ 


or 


V = (2) (4) = 8 V 
Now energy stored per unit time 
= power = Vi 
= < 8 )( 2 ) 

= 16J/s 



96. a. Magnetic field in <2> direction is increasing. Therefore, 
induced current will produce magnetic field in O direction. 
Thus current in both the loops should be anticlockwise. But 
as the area of the loop on the right side is more, induced 
e.m.f. in this will be more compared to the left side loop. 




dl * dt) 


. Therefore, net current in the complete 


loop will be in a direction shown below: 


Fig 10.425 


/ 


Fig 8.426 

q= CV 
= C(Bvf) 

= (lOx icr 6 )(4)(2)(DC 


92. a. L i 

r?— mm- 


Tmu 



- 80 jaC = constant 

Magnetic force on the electron in the conducting rod PQ is 
towards Q. Therefore A is positively charged and B is 
negatively charged. 

93. d. Magnetic flux in ® direction through the coil is increasing. 
Therefore, induced current will produce magnetic field in O 
direction. Thus the current in the loop is anticlockwise. 
Magnitude of induced current at any instant of time is 


e 

/? 


Bu(FG) 

~ p(FG + GD + DF) 

When the wire AH moves downwards FG . GD and DF all 
increase in the same ratio. Therefore, /' is constant. 

94. d. Net force on the wire is zero when the terminal speed is 


attained. 




F,„ = mg 

or 

i(.B = mg 

or 

(-;■) 

\*B=mg 

or 

f Bv r p ) 

1 R J 

| £B = mg (vy= terminal .speed) 

oj- 


v r = mgR 


95. d. When the coil is within the field, there is no change in the 
magnetic flux passing through it. Thus no current will be 
induced and the acceleration will be g. But according to 
Lenz’s law, the induced current will oppose its motion when 
it enters or leaves the. field. Therefore, acceleration will be 
less than g. 


Fig 8.427 


97. b. Lei 2a be the side of the triangle and h be the length AE. 



FG- 2GH-2 



/. Induced e.m.f., e = Bv {FG) = 2Bv 



Induced current. 


e 

R 


2 Bv a 

- a — vt 

R h 


or / = k x - k 2 1 

Thus i-t graph is a straight line with negative slope and 
positive intercept. 
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98. c. The current at lime t is given by 


Here 


/ (1 = EIR and 


T- 


L 

R 


<i = 



99. a. Speed of the loop should he 


v = 


f 

t 


— = 0.25 in/s 

2 


Induced e.m.f.e - Bvd= (1.0) (1.0) (0.25) (0.5) 


=0.125V 


^ ' u i ■ ' 0125 

/. Current m the loop. / = — = 

A 10 

= ).25x I0 ,2 A 

The magnetic force on the left arm due to the magnetic field is 
F itI =//?£ = ( 1.25 x 10 -2 ) (0.5) (1.0) 

= 6.25xl()^N 

To pull the loop uniformly an external force of 6.25 x 10 y N 
towards right must be applied, 

W=(6.25xlO“ : 'N)(0.5ml 
= 3.125 x 10 *J 

100. b. Terminal velocity is attained when magnetic force is equal 
to mg sin 0 



F tit = mg sin 6 
or i?B - mg sin 9 

or j^ilj PB = mg sin 6 

(Bv r 0 ' . „ 

or --— - PB - mg sin 6 

R 

mgR&md 


101. d 


I 



v 


Fig 8.430 

As the flux decreases, to maintain flux current in the loop is 
clockwise. Force on DA due to the long wire is towards left 
while on BC is towards right 


102. a. ^— 

NS 



Fig 8.431 


103. d. Perpendicular length is more, so induced e.m.f. is more 

104. d B? vt- constant 



'w 

105. a. At t - 0. the branch containing L will offer infinite 
resistance while ihe branch containing the capacitor will be 


effectively a short circuit. Hence, (/?),_ () = — ■ Similarly at 

R 

r = °°.L will offer zero resistance whereas c will be an open 


circuit. Hence effective resistance = R + 


6 x 3/e 
6 + 3 


= 3/e (/),=* 


" 3/e 

, ■ e 3/e , . 

/. The required ratio = — x — .-3:1 
R £ 

di 

106. a. <p<*—'■ 

til 

di [ 

Hence M — 
ih 

(direction already indicated) 

Hence (a) is correct option. 

107. h V = 5 cos ( wt - ) 

i = 10 sin vW = 10 cos (wt-) 
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71 _7jt _7l 

2~6 “T" 3 

n W 5x10 1 

P = —cos0 = --x - = 12.5 W 

2 2 2 


108* c- 


109. b. / = 


0= Lis&4 

S m „A 0.1 xIO' 2 


— 

L 


10x1 O'* 


= 0.1 A = 100 mA 


10 10 , „ 4 

3 /? + 2 * 3 /? + 2 1 9 


110* c* Current in the K'V' / direction is from Y'loY but the current 
is constant and hence the magnetic flux through the coil is 
constant. Therefore the current in the coil is zero. 

111. c. Applying KVL in the outer loop we get I Q r-E = 0 

- /-£ 

r 

E % L 


Initial energy in solenoid = U 0 - - Ll\ = This 


1 

- LIT, = — . 

2 2 r 2 

energy will be dissipated in the form of heat in r and R after 
opening of the switch. Since the same current flows through 
these resistances and the thermal power in them is i 2 r and 
i 2 R 1/ vuries with time* respectively, therefore heat generated 
in each resistor is directly proportional to its resistance. 
Heat generated in steroid 
r 

Uo 


r + /? 


r + R 


E 2 L 


e 2 l 


2 r 2 2r(r + i?) 


(C) 


112. b. From KirchhoPTs rule. L— - S and U = — Li 2 

At 2 

£ 

113- c. Constancy of flux implies that — .L x =i(L i + L^) 

R 


i.e,> 




EL, 


Mdx , Ma /t ->«/ 

114. d. £ =- — Ma i = —(l — e /L ) 

dt R 

115. b. After long time 


mv 0 = 2 m>: u = — . 


116. b. / = —- 


Bat 1 But* 
■> 


R 


Bcor 

R 



117. c. Let /1 be the current in die circuit before shifting 


£ 

11 ~ R 


0 ) 


Since the flux associated with the inductors will be same just 
before and just after shifting 


■ - iL 

' 2 ~ 9 R 


118. c. IJ H.rf € 1= 


dj\. 

dll' 2 4A 


E = -a 
4 

F = —— is the electric force on the charge but net force of 
the particle is zero. 

119. c. The change in magnetic flux is zero* hence the current in 
the ring will be zero. 

m 

= l' (I — V c 


120, c. i=i Q 0-e L ) 

10 

»> 

121. c, 0) f = constant 
=> LC - constant 

=> L dC + CdL - 0 = 


dt 

L 


dC 

, -= - 1%, 

C 


122. d. Circuit is a balanced Wheatstone's bridge 
.\ R of the whole circuit = 1 +4 = 5 Q 
Induced e.m.f. BLV = iR 
iR .1x5 


BL 2 x* I 


= 2.5 m/s 


123- c. The magnetic field produced by the square loop is parallel 
to the plane of the circular loop. Hence the mutual 
inductance is zero. 

, *v(2r) , n (/?/2K/?/2) 

124* d* /= ——* where ^ ----- = /?/4 




** R/2 + R/1 


125. b. Initially, there will be no potential drop across the 
capacitor hut only across the resistors. 


B 2 V u Lr 

126. b. -— = mg 

R 


V„ = 


MgR 

b 2 l 2 


127. d. At / = 0. for the purpose of current calculation in circuit* 
inductor can be assumed as open and capacitor as shorl 
circuited. 

J28. c. Use Lenz’s law. Induced e.m.f. of the current opposes the 
change in flux through it. 


Fig 8.432 
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129. b. Required e.m.f. = nR 1 



Fig 8;433 


dB d_ 
dt X 2 n 



Pulling the values, C = 500 p,F 
131. a. ma^-eE 


E = 


maQ 

e 


nm o eE 

Fig 8.434 

132. c. Magnetic field is out of the plane and as the electron 
moves, the field decrease^. From Lenz's rule, the current in 
the coil is anticlockwise. 

133. a. I is same for two values of frequency namely/i and/ 2 



Fig 8.435 


134. d. The field inside the solenoid is uniform, the magnetic flux 
linked with the coil will be 

BN A = jJ^nJ nnR 1 - ft/i 2 nR 7 I 


k n}n! _ 

L, N\N\ 




h 

*2 / 


\2 


16x — = l 
16 


135. d. At r = 0, capacitor will behave like a short circuit and the 
inductor as open circuit but as / <». the nature is just 

opposite. 


136. h 


dtt = 


R 

2<pj _ 2fola f 2a\ 2 

R R2n { a J nR 

137. c. When the rod rotates, there will be an induced current in 
the rod. The given situation can be treated as if a rod A of 
length 3 t is rotating in clockwise direction, while another 
rod B of length 2 P is rotating in the anticlockwise direction 
with the same angular speed ax 


As 

For A: 


e = -Beat 7 
2 


e^-Bco(3i) 2 znde^-B(-a>)(2£\ 2 


Resultant induced e.m.fi will be: 

e = e A + e B = ^ Bax? 2 (9 - 4) 


e = - Btof 2 
2 


h t> 

138. a. Induced e.m.fi f Bvdx = [ Bvdx 
J J 2 nx 

‘ **»(£) 


=> Induced e.m.f, = 


2 n 


Power dissipated = — 


Also, power - FV 


139. c; 


F= — 
VR 


F = — 
VR 


#A = 


2n 


'"Of 




nr 


P _ 

Ea ~ dt 


= ^ i?VC-3/2)(ft 2 + ^) 2x 


Ea is maximum when 


dE A 

dx 


= 0 
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\5/2 


= 0 


dx (R 2 +x 2 f 

1 ■> i\S/2 5x/ -> l Y'>- 

[R 2 +x 2 } (/? 2 +JT 2 ) 2a-= 0 


or, 

or. 


R~ +x 2 -5x 2 =0 


R 

.x = — 

2 


140. a 

Rate of increment of energy in the inductor 

.di 

dt 

Current in the inductor at time is: 

f i \ 


dt dt\2 J < 


/= /„ 


I - e 


i ( H 
and — - “ c 
dt r 


dU Li~ 

_= _.JL, Hl-r ') 


dV 


-— = 0 at t = 0 and / = 
dt 

Hence, E is best represented by: 



L= maa . 1 : 7 

P 


141. SL 

length of wire = N 2m - Constant (= C. suppose) 

c=/v 


•f-1- 

l 2 nr J P 


l a 


I 


143. b. [ Edr = - ^ 

J dt 

And taking the sign of flux according to right hand curl rule, 
we gel. 

^Edr =-{-{~aA) -(~aA)+(-tf/4)) = -OtA 

144. a. Given: 

Voltage in primary. V F - 200 V 

Current in primary, i p = 2 A 

Voltage in secondary, V s = 2000 V 

The relation for the current in the secondary is 

V, 2000 2 2x200 


JL 

\ 


200 


2000 


= 0.2 A 


145. c. Flux cannot change in a superconducting loop. 
Finally.!/' = 2 xR 2 xB 


2 xxR-xB 


146. h 


A 

Fig 8.438 

We connect a conducting wire from A to C and complete the 
semicircular loop. 

The e.m.f. in the semicircular loop is zero because its 
magnetic flux does not change. 

e.m.f. of section APC + e.m.f. of section CQA = 0 
/. e ,m. ! of section APC = c. m. f. of sec tion AQC - 2 BR 2 0) 

147. b. Equivalent inductance 

! cq =! + 2!=3! 

C, q = C+2C=3C 
Frequency of oscillation 
■ r- _!_ 1 

148. a. The flux in the rectangular loop due to the current in the 
wire is 



Self-inductance will become 2 L. 

142. h TCmC 

Fig 8.437 


dl 

V V^RI + L — 
dt 



Using 


140 = 5 + 10! 

60= 5R- 10! 
!=4H 


Fig 8.439 
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ii+h 

*= J 


d 


2 JTX 


a dr = 




In 


b-\-d 
d 


Mutual inductance is 


M 


l^E<2l!. ]n h+d 


i In d 
«\ Muiual inductance is proportional to </ 

_ BdA Bd i M u . dr 

149. a. e- -= —[nr ) = Blnr — 

dl dl di 

150. c. Just before opening the switch, the current in the inductor 


I 


is elR. Energy stored in tt = - /.|^ — 

This energy will dissipate in ihe resistors R t and Rs in the 




I 4 l 

ratio — and — . 




R, 



Equivalent current, di = fdq 

magnetic moment of this element. d/J-{di) NA (N - I) 


= l** 2 )/7^ 



p= l -xfQ<i 2 

1S2. d. Since all the wires are connected between rim and axle, 
they will generate induced e.m.f, in parallel, hence it is same 
for any number o) spokes. 



A (j>- qR- area of / -1 graph x R 

154. b. e= (y*B)( 

e= [/x(tf+ 4j + 5*)]5j 
=> e=25V 

155. b-Time constant = — =50 ms 

20 


So 


i = 0.633 / in:iN = 0.633 


E_ 

R 


=> /;= 


5.165x20 

fX633 


= I (XI v 


156. d 


<o= ( BlR) s = 


Bvnt\ 

- 


R ) 


S 


= jr -- 

R 

, (0.4)“ (5 x 10‘ 2 f (5 x 10 “)(5x I0“ 2 ) 

"Too"’ 

= nr (10000) x 10 12 

= 1 x 10 *x 100(// = 100)= I(> 0=0.1 mJ 


157. h The fields at A and ft are out of the paper and inside ihe 
paper, respectively. 


0 

0) 



Fig 8.441 


As the current in the straight wire decreases, the field also 
decreases. 

For B 




Fig 8.442 


The change in the magnetic field which causes induced 
current (A#) is along (+)z direction. 

Hence, induced e.m.f. and hence current should be such as 
to oppose this change A B. 

Hence, induced e.m.f. should be along -z direction which 
results in a clockwise current in B. Similarly, there will be 
anticlockwise current in A. Hence (b). 

158. b. When the ring falls vertically, there will be an induced 
e.m.f. across A and B {e = ZJv(2r)). 

Note lhat there will be a potential difference across any two 
points on the ring, and the line joining these has a projected 
length in the horizontal plane. For example, between points 
P and Q there is a projected length in the horizontal plane. 
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This will be maximum when -— =0 
. dt 

=> e~" x = 1/2 

Substituting, 



Lip _ L(EIR) 2 
4r " 4 (L/R) 


eL 

4 R 


161. a. When the key is at position (2) for a long time, the energy 
stored in the inductor is: 


pA> across P and Q is 
V = Bvx 

But for points C and D, x = 0 
Therefore, /?.*/, =0 

Hence (b) 



Considering a projected length 2 R on the ring in vertical 
plane. 

This length will move at a speed v perpendicular to the field. 
This results in an induced e.m.f.: 
e = Bv(2R) in the ring. 

In ring 4, eA = B (- v)(2R) 

In ring 5, eB = B (v)(2 R) 

Therefore* potential difference between A and B 
-B(v) (2 R) - B V- v)(2R) = 4 BvR 

Note: There will be no pA. across the diameter due to 
rotation . 

Alternatively; Considering rotation of diameter about 
lowest point: 

Bail r) 2 

e =-^- =2Bvr in A (since pure rotation) 

and e= -2Bvr\nB 
Hence (cj 

160* a. The graph of current is given by 

/=/„(!-<*■- |,r )=> - = 

lit T 

Energy stored in the form of magnetic field energy is 

u B = Ur 

/. Rate of increases of magnetic field energy is 

/? = = H ( \- e -"t)e-' ,r 

dt dt t 


L 

nnnrcr 


-mma- 

*2 

Fig 8.44S 


U„= -L$ =-L 
u 2 0 2 



Hi 

2 R] 


This whole energy will be dissipated in ihe form of heat 
when the inductor is connected to R x and no source is 
connected. 


L 

w 


Fig 8.446 


162. b. When the switch is at position I: 


u ti = x -i4 = 


L£_ 

2R~ 


Just after the switch is shifted lo position 2, current,/ = — is 

Rowing across the resistance. Hence, at that instant, pA 
across-cesistance will be 


A V = //? = -/? = £ 

R 

163. a. If we consider the cylindrical surface to be a ring of radius 
R , there will be an induced e.m.f. due changing field. 



Fig 8.447 






























F- W ~ ma 


Faraday's Law and Lenz's Law 8.125 




, dB , dB 

=> E (2/zR) =~A — = -nR 2 — 
dt dt 


RdB_ 
2 dt 


Force on the electron 


F-W 

a- - 

m 

The magnitude of acceleration will be constant, but the 
direction will depend on the mass of the rod. 

166. c. Considering pure rolling of OA about/1, the induced e.m.f. 
across OA will be / 


F = -Ee- - 

2 dt 

, , YeRdB 

=> Acceleration =-— 

2 m dt 

As the field is increasing and is being directed inside the 
paper, there will be anticlockwise induced current (in order 
to oppose the cause) in the ring (assumed). Hence there will 
be force towards left on the electron. 

164. a. The equivalent diagram is 

i-yww-1 

R, 


vVWNA 

Ri 


Pig 8.448 


The induced e.m.f. across the centre and any point on the 
circumference is 


\e\ 



Bear 2 

2 


Current through/?. 


Bear 1 
2 /?, 


165. c. There is a force F M acting on the rod 

carrying a current /. 

By the rule of cross produce, this force is vertically upward. 
F.B.D. of the rod: 


F 

i 


W 

Fig 8.449 



From Lenz’s law, 0 will be the negative end, while/! will be 
the positive end. 

Bear 2 

Hence, v 0 - =-— 

167. d. F b = BIL 

Induced current: 


X X X X X 



/= 


[Bar 1 2 ) 


r 


B 


Bear 
2 R 


B~(or 
2 R 


To maintain constant angular velocity. 
F(r)= F h [r/2) 


F h _ B 2 ar 

) i - “ 

2 4 R 

168. c. Flux through a closed circuit containing an inductor does 
not change instantaneously. 



169. a. Force on the wire = iPB, 

a , 

Acceleration - — 
m 


Velocity = 


HBt 

m 
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170. d. Equivalent circuit 



Fig 8.451 

E=BPv 
?=2r 
£= B(2r)v 

t E B(2r)v 8 Bn> 


R' 


RIA 


R 


171. a. Given. 


- 1 mH,L> = 2 mH 
R } = )2,R 2 = 2.2 


In the first circuit. 

L = A, + L 2 

R= /?, + #, 


L 3 mH 

r. - — =-- I ms 

R 3,2 


In the second circuit. 


(As R r, - ) 
4 


L -_±±-_l* L 0 4-=*,o 


/? = 


U +L 2 3xl(V ' 3 

^ + /e ? 3 


.A 


0 

- Xll) 

A = * — = I ms 


2/3 

In the third circuit. 

L - + Z. ? = 3 mH 

R } R z _ 2 

3 


R = 


L 3xl() 

r* = — =- 

2/3 


0 

- ms 


172. bL 


173. c. 


► M 
I e [ = /*— 

<h 

(A — ^ ) 


i| A-o 


lel= Al_ 


( 1 - 0 ) 


,= -'v 

4 


/ - 20 
1 10 


]_^ Sxltr 1 


AQ 

—VWW 



~\A/W\r 

6U 

(a) 

Fig 8.452 



i—^ 


L 0.1 mK 
l hi 


Fig 8.453 


ITom superposition 


/= /, + /,- 2.5 A 

174. d. f ■■■ J<f* //W/ ^ *- ~ ™ V£>sin 2 # 

175. a. /. =■ “ - E or i m --- V () ^ ; < ; (J 

<h L 

176. a. / ~ v5 A 

A,.A + '/y 

2C 2C ’ 


177. a. When the switch is closed, the current flows through the 
coil as shown and thus sets up a magnetic llux/lhrough the 
coil linking the ling. The motion of the ring will be such that* 
by Len/’s law. it opposes the sudden increase in llux linkage 
from the wesi. Hence, the ring moves towards E (east). 


178. 

’ dt 


y_ 

R 


I <7 __ A dB 

- (BA) = -- 

R dt R dt 


where nr = area of Ihe loop.ol radius rand /^resistance of 
the loop of length (2 7 ti) and area of cross seciion mr. 


pOar) 
an 2 no 2 

Further mass of wire is in = (/ZVi')(2 7cr)(il) 

■ _ E— 

pilar) th 

(xa~)(2xr) (IB _ ’» dB 

4 ap dt 4 apd dt 
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179. a. 


ii drf) , , . dR 

lfl= — => \e\ = A — 

dt dt 


l£l= (d 1 )^- 
dt 




w - w^KI) 


\e\ 


■Y(f) 


180. h 


/= — at t=t, 
a 


ii 


Since /= V“'° /f =» - = e-'» /r 

a 


a- e' n,t 


'o = rlog, a 


T= 


|0 


log, a 


. dd d 

181. c. Since, £=-—- —(NBA) 

dt dt 

£= [AM(/<o«/)]; £ = NAfJ^n ^ 

where N is total number of turns in the coil and n is the 
number of turns per unit length in the solenoid. 

f= (300) (1.2 x 1 CP 1 )(4# x 1 O' 7 ) x x 

e= 4.8x 10" 2 V = 48mV 

182, d. Let m be the mutual inductance between X and Y. By 
definition 


& 

dt 


e y = M — =4 E^M^- = Ml\M =~ 


dl_ 

dt 


E 

l 


The flux linked with X is fa = MI y =— l a 


183. a.Fore.m.f, to be induced (, v and B can never be coplunar. 


184. h —■ = 2x I0' J 

R 


■ = 0.5 x 1(T 5 


/?+90 

From (i) and (ii). on solving, we gel 
L= 6()mHand/? = 30W 


0) 

(ii) 


185. d 


Io)= ()= -f — -- x QRdt kz = -AR 
1 2 nR dt 


t ,, ■> » . - Bm 2 A - 

I dtf>= -BAflu'Rk =* to = -- —k 


mR 


186. a 

187. d. 


R - 5R 

4q_ T 

<p= 2ncr 


l =— =1A 
SR 



[r = r 0 + kt] 
ai 

So E is constant 

188. d. The front view of the arrangement is as shown in 
Fig. 8.455 



From initial condition, mg sin 8=nmg cos 6 
=> pt=- tan 6 j 

ma = IBt cos 8- mg sin 6- flN 
N= mg cos 6 + IBt sin 8 

IB( . . , .. IBt sin *8 

=> a - —cos 0 — 2# sin 6 -— 

m ■ m cos 6 


IBt cos 2 6 
m cos# 


-2#sin0 


Now, 


1 2 l (" IBt cos20 . ' 

s= - at =-- --2g*m0 

2 2[ w cos0 


189. b. At / = 0, charge on C is zero, sop J. across C is zero, so also 
across R the p.d. is zero. Hence there is no current in R. 

At t = *>. current through L is maximum and constant, so pA 
across L is zero, therefore p.d. across R is zero. Hence no 
current in R. 

i* 


190. c. U nm = 


■y-: 


!-<> " r = I 


-- = In 
r 


L// 2 

i U n 




I y/2-l 

J2~ J2 

x/2-r 

Ji ^ 


/= rln 


>/2-l 
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/= -Ini - 


Jl-\ 


191- c. Because A and C are ac equal distance from B , and their 
flux across B Is in opposite direction, so at any time flux in B 
will be zero. Hence no e.m.f. is induced, 


192, a , = . = - 7 = 

>j2Lcn 4 lc 


193.8. «0- ^(0 = —^ LB«] 

a/ a/ 


&)= 



The e.m.f. is constant and negative, so that induced electric 
field points around the ring F 2 towards F ( . So face F ( will 
develop an excess positive charge. 


194. a. 



[ in magnitude] 


l- i =-—(A4) = ~^r 


R Rdt 


R dt 


where A = nr 1 -a area of loop of radius rand/? = resistance of 
the loop of length ( 2 nr) and area of cross-section no}. 


r= £i - F(2*r) 
ita 1 na 2 

Further mass of wire is m = (na 2 )(2fir)(d) 


(na 2 )(nr 2 ) dB 

p(2nr) dt 


. (na 2 )(2nr) dB . m dB 

Anp dt Anpd dt 

195. a, At t- 0 , i.e., when the key is just pressed, no current exists 
Inside the inductor, So 10 and 20 Cl resistors are in series 
and a net resistance of (10 + 20) = 3012 exists across the 
circuit. 


Hence, /, = — = — A 
1 30 15 


As / —> the current in the inductor grows to attain a 
maximum value, i.e., the entire current passes through the 
inductor and no current passes through 10 Cl resistor. 

„ , 2 1 „ 

Hence, /, = — = —A 
2 20 10 


196- c. I Q = Peak value = — 

0 2 R 

1 - 

Total heat produced across R is H = ~ Ll§ 




H = 


LE_ 

4R 2 


197. a. From Len 2 's law If one rod is moved away from the second 
rod then the second rod will be attracted towards the first 
rod. 

198. d. Potential difference across capacitor 

V= Bvi = constant 

Therefore, change stored in the capacitor is also constant- 
Thus, current through the capacitor is zero. 

199. a. v h -v a ^ B ■ (^xv) 

(5 *?)■<= V-(Bxl) 

(vx/»)■?= t-(vXB) 

200. c. The equivalent resistance of five resistor Is 3 Cl 
(It Is a balanced Wheatstone's bridge) 

So ^lotal = 3 + 1 = 4 £2 

=> (10" 3 )(4)= (2)(0.1)V (v£=/F = BW) 

=e V=2cms _l 

201. c. The relative velocity of approach becomes 2v. (i.e.. 
doubled) so induced e.m.f. is also doubled i.e. becomes 2s. 


202. A 


lfl = 


dt 


dB 

\£\= A — 
dt 

Id- W 2 )t 

dt 


H)] 

w*>*( o4f) 
|£>b suHfirt 

a Ldf ) 


l£l> 


BqSV ,Q 
a 

203. b. e.m.f. Induced across the rod AB is 
e= B-(£xv) 

= Btv sin 6 
= 2x2x2xsin30 
e= 4V 


Free electrons of the rod shift towards right due to force 
q(vx-B) 

Thus end P is at higher potential 

orV p -V Q = 4V 

Thus, choice (b) is correct. 

204. d. See the unit vector of B and v make e.m.f. zero. 


Multiple Correct 
Answers Type 


1. b,d. 

0= tta 2 B 

2 dB 2 
e- na*' — = naa 
dt 
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Let R be the resistance of the ring. Then current in the ring 
. . e 
lS l ~ R 

Consider a small element dt on the ring. 

e.m.f. induced in the element, de = [ —] 

Kina) 


dt 


resistance of the element, dR 


Potential difference across the element 
= de - IdR 


2. ELapb* 

At I<0,1l= 7 = l A 

6 

12 

At t»0,/ L = — = 4 A 
3 

l^ = L[/ / -i / ]=500xlO _3 x3= 1.5 Wb 
(a) and (b) are the correct choices. 

3. a«) b>j Ca 

4/ fl + 6 
dt 

\e\=4nt n -\\e\ = -p- 

t \-n 

4. M. 

Flux remains constant here, so e.m.f. Induced is zero. 

5i Bajdt 

Flux changes due to the rotation of the semi-circle. 

6a b>,(L 

do d dv 

1= ^ — (CvBt) = CBt — = CBta 

dt dt dt 

F-CB 1 ta-ma 

F 

Q— 7 « 

M +B 2 t 2 C 
=* e.ra.f. increases 
=* charge Increases. 

7. a*, d* 

£= JvBxdf 

8* a.) b., d. 

Rate of work done by external agent Is 

de BJLdx , , . 

— = —-— = BILv and thermal power dissipated in the 

resistor = el = ( BvL) 1 clearly both are equal, hence (a). 


If applied external force is doubled, the rod will experience a 
net force and hence acceleration. As a result velocity 
increases, hence (b) 

Since, /= 4 
R 

On doubling R, current and hence required power become 
half. 

Since, P=BILv 
Hence (d) 

9. bid. 

Equivalent circuit: 



Induced e.m.f. e = 


Bwr 


2 (Brn 2 > 


x 2 , 


(v radius = a) 


By nodal equation: 

M?)- 


and 


5X = 4e 

Ae IBcaa 1 

X= J = — 

X _2Bm 1 
e ~ Sr 


Also direction of current In (i) will be toward negative 
terminal, i.e,, from rim to origin Alternating, by equivalent of 
cells [Fig. 8.460(b)]; 

e 4e 


1 = 


5r 


10 . a,b. 

As B 1 A , hence tp -0 and e = 0. 

11. a.,c. 

d*q + q CV-g 
dt 1 C C 


d^q ] 2q-CV 
dt 2 LC 
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CV 

q = -y [ 1 - cos OX] 

CV 

q = CV-q = y [t + cos 0)t] 

, CVa> . 

7= + —— sin m ' 

2 


12. a.,c. 

Area in (v L - r) graph = L A/ 
=*2(<y-0)= ^xl0x2 

=> /y= 5 A 

13. a.,b.,c.,d. 


Due to rotation, e.m.f. = 


flr 2 a> 


Due to translation indeed e.m.f. = Bvr 
Where r is the separation. 

14. &,b. 

, di _ . 
dt 

Bf . flV 2 jr dv 

i = — Jt and -= -/«v — 

L L dx 


d = 


V 4ilV 2 

IS. a., b., d. Ie| = BA W sin at 
4>= BA -cos COt 


2vl mL , J 

- , where v 0 = — 


M 


it 


\e\ is maximum when cot = — 

2 

So 0 is zero. 

lei is zero then cot » 0 so 4>= is maximum. 

16. b^c. 

17. a., c. 

Current induced in both A and B will be in same direction. 
So they will attract each other. 

A is closer to magnet, so rate of change of M in A will be 
more. So more current is induced in A. 

18. fL,b. 

The coils are in parallel, so 


dL 


dU 


=> Initially 7|= 0,4 = 0 => C=0 
So L\ 

19. a^d. 

e= - bw(2r)~ = Bw2r 2 = Bv2r 
2 

Net induced e.m.f. in the ring will be zero. Hence no current 
is induced, 

20. a.,d. 

\j\ = «p 

5 S 

This expression is independent of R as long as the radius of 


ius i! 


the ring exceeds the radius J- of the solenoid. 


21 . b.,c. 

Each wire can be replaced by a battery whose e.m.f. is equal to 
B£v = l x4x I0" 2 x5x 10' 2 
= 20 x 10" 4 V 

The polarity of the battery cun be given by Fleming's right 
hand rule. When both wire move in opposite direction, the 
circuit diagram looks like as shown in Fig. 8.457 (a). 

The effective e.m.f. of the two batteries shown in the diagram 
is zero. 

So, choice (b) is correct and choice (d) is wrong. 

When both wires move towards left, the circuit diagram 
looks like as shown in Fig. 8.457 (b) 





9fi 


(b) 

Fig. 8.457 

Effective e.m.f. of two battery shown in E(=20x 10" 4 V)anc 
internal resistance is 1 G. 

Hence, current in the circuit is 

20x10“ 


1 = 


10 


■ = 0,2 mA 


Hence, choice (c) is correct and choice (a) is wrong. 

22. a.,c. 

Use Lenz's law. The motion of ring will be opposed. 

23. £t »9 b.| c., dt 

Use concept of motional e.m.f. 

24. a.,d. 

At the poles, the earth's magnetic field is vertical. 

25. c.,d. 

Replace the ring by a diameter perpendicular to its directior 
of motion. The spin of a ring about its axis causes no e.m.f 

26. a., bi, d. 

. Ad 

Charge flowing in the circuit = y 
where, A0= change in flux 

” 0hnol ” ^initial 

and R = resistance in the circuit 

27. a.,c.,d. 


Charge flowing in the circuit = ■ 


R 
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where, A0= change In flux 

and R = resistance in circuit 
28 * a-,d* 

If the normal to the plane of the coil makes un angle $ with 
the direction of B> the flux linked with the coil is 
0= BAn cos 9 
- BAn cos ( m) 

(v the coil rotates with an angular velocity o>) 
(10 

e.m.f. = e = — = (cot) 

dt 

29 . c^d. 

When switch is just closed in the circuit shown, at that 
moment current through the circuit is zero. Hence, e.m.f. 
induced across the inductance L will he equal to e.m.f. £ of 
the battery. 

But as the current through the circuit increases, the induced 
e.m.f. in the solenoid decreases. But induced e.m.f. in the 

di 

solenoid is equal to I e I = L — . 


di 


dt 


Since — decreases as the time pusses, therefore, the graph 
dt 

for induced e.m.f. e and time ; will he as shown in option (c). 
Hence (a) is wrong and (c) is correct. 

The graph for current should be such that at initial moment 
current is zero and current increases with the time in such a 
way that the rate of increase of current gradually decreases. 
Hence, slope of the current-time curve should decrease with 
time. Therefore, the graph between current and time will be 
as shown in option (d). 

Hence (b) is wrong and (d) is correct. 

30* a*,c* , 

In the circuit shown in the figure in problem, h 0. and 12 Q 
resistances are in parallel with each other and their parallel 
combination is in series with 4 LI and the inductance of 2H. 
Hence, equivalent resistance of these three resistances is 
equal to 8 Q. Therefore, this circuit may be reduced to the 
circuit as shown in figure. 

The lime constant for the circuit is 
L "> 

R 8 

Hence (a) is correct. 

In steady state, no e.m.f. will he induced in the inductance. 
Hence current through the circuit will he equal to EIR where 
R is the equivalent resistance. Hence, the steady state 

current will be equal to - = 0.75 A. 

8 

Hence (c) is correct and (b) is wrong. 


Assertion-Reasoning 

Type 


1* a* It is obvious that flux linkage in one ring due to current in 
other coaxial ring is maximum when x = 0 (as shown) or the 
rings are also copianar. Hence under this condition their 
mutual induction is maximum. 



c. there will be no change in the flux in DC. 


R 

As R is constant, /« A^. 

4, d. Even though flux through individual lines changes, it 
remains unchanged for the solenoid as a whole. Therefore 
no e.m.f. Is Induced in the long solenoid. 

5* d* Lenz's law is based on conservation of energy and 
induced e.m.f. always opposes the cause of it, i.e., change in 
magnetic flux. 

6 . c* Presence of magnetic flux cannot produce cunent. 

7. a. If inductance of solenoid increases, reactance of circuit 
also increases, then obviously current will decrease and 
light becomes dim. 

8. a* When AC passes, due to local oscillations of bound 
charges, current is conducted but in DC> as there are no free - 
charge carriers in dielectric, the current cannot be conducted. 

9. c* L is dependent only upon geometrical parameter. 

10. a,AVV= < 7 (AV) 

Here A V- non-zero in a closed loop. 

11. a. ■ dl along any closed path within a uniform magnetic 

Held is always zero. Hence the closed path can be chosen of 
any size, even very small size enclosing a very small area. 
Hence we can prove that net current through each area of 
infinitesimally small size within region of uniform magnetic 
field is 2ero. Hence we can say no current (rather than no net 
current) flows through region of uniform magnetic field. 
Hence statement 2 is correct explanation of statement 1. 

12. d* The current in R-L circuit grows exponentially 

/= /ofl-f*" 1 ) 

13. c. Magnetic lines are present in closed loop. 

14. c. Electric field generated from lime dependent magnetic field 
obeys Lenz's law. 

15. d. When current due to external source decreases, induced 
current will be in same direction. 

16. b. For solenoid = ^(£ in ) 

Also for long solenoid the magnetic field is uniform within it 
but this reason is not explaining the assertion. 

17. a. The force on a charged particle moving in a uniform 
magnetic Held always acts in direction perpendicular to the 
direction of motion of charge. As work done by magnetic 
field on the charge is zero, W = FS cos 9 S so the energy of 
charged particle does not change. 

18. c* Coefficient.of coupling between them 

M= k 1 l , l 2 
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When two coils are wound on each other, the coefficient of 
coupling is maximum and hence mutual inductance between 
the coils is maximum. 

19. d. As the coil rotates, the magnetic flux linked with the coil 
(being B . A) will change ande.m.f. may be induced in the loop. 

20. b. According to Lenz’s Law when a magnet is moved towards 
the coil, the direction of induced current is such that the coil 
repels the magnet and when the magnet moves away from 
the coil, the coil attracts the magnet. 

21. a. The capacitive reactance of a capacitor is given by 


L coC 2nfc 

So this is infinite for d.c. (/= 0) and has a very small value for 
a.c. y therefore a capacitor blocks d.c. Hence (I) is true. 

22. d. Magnetic field cannot do work, hence statement 1 is false.. 

23. a. Obviously statement 2 is the correct explanation of statement 1. 

24. a. ^ B ■ dt along any closed path within a uniform magnetic 

field is always zero. Hence the closed path can be chosen of 
any size, even very small size enclosing is very small area. 
Hence we can prove that net current through each area of 
infinitesimaily small size within a region of uniform magnetic 
field is zero. Hence we can say no current (rather than no net 
current) flows through the region of uniform magnetic field. 
Hence statement 2 is the correct explanation of statement 1. 


Comprehension 

Type 


For Problems 1-2 


l.b.,2.c. 


Sob «„=- 


A<t 


Al 

lx^O.10) 2 

0.314 


* = _ B *± = _ Br *r 


At 
= 0.1 V 


At 


Since the flux through the loop is decreasing, (he induced 
current must'produce a field that goes into the page. Therefore 

£ 

the current flows from point in clockwise direction 7 av = — 

= ^ = ,0A 

0.01 


For Problems 3-4 
3. b., 4. a. 


Sol. 

J o 2 n r In 


dt In ' dt 


For Problems 5-6 


5. a., 6. c. 
Sol 


1 ^ dA \ 2 d0 
A - — r 2 0 => — = ~r 2 — 


dt 2 dt 
dtf> 1 -> dO 

e= — = -B-r 1 — (as <p=BA) 
dt 2 dt Y 




The current is anticlockwise in the loop as it is entering 
region II. 



For Problems 7-8 
7. b., 8. c. 

Sol. Magnetic field on the axis of a circular coil is given by 


B = ■ 




2(R 2 + x 2 ) 3 ' 2 

Since x » R , therefore, magnetic field at the centre of the 
smaller loop is 




MaiR 

2* 3 


Flux linked with coil is 


<p~ B(xr 2 ) = 


l^Tti&r 2 

2 ? 


b. From Faraday’s law we have 
„ _ d# _ 3 jUQ7tiR 2 r 2 

lL — -—- - -V 

dt 2 jc 4 

As the external magnetic field at the position of smaller coil 
is decreasing, the induced magnetic field is parallel to 
external field. 

Hence the direction of current is anti clockwise when seen 
from the top. 

For Problems 9-10 


9. a., 10. b. 

Sol. e.m.f is induced in the loop because area inside the 
magnetic field is continually changing. 
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From q = 0 to n % 2x to 3;r, 4^to 5x, the loop begins to enter 
the magnetic field. Thus the-magnetic field passing through 
the loop is increasing* Hence, current in the loop is 
anticlockwise, and for 6- ;rto 2/r, 3^to Ax. 5xto 6x, etc. 
magnetic field passing through the loop is decreasing. 
Hence current in the loop is clockwise. 

Angular acceleration of the loop is constant, therefore angle 

turned in time / is 0= \tlat 2 and time taken, t = V2 nlQ 
/j = time taken to rotate angle 

7t- 

From / = 0 to r = e.m.f. is negative, 

t 2 = time taken to rotate angle 2 k - 

From / = to t = t 2 > e.m.f. is positive 
t n = time taken to rotate angle 





1 « 

Area inside the field is A = — R$ 

2 


A = -R 2 at 2 
4 

So flux passing through the loop, 


e = 


BA = ~BR 2 at 2 
4 


dt 


=-BR 2 at 

2 


e oc t 

i.e., e-t graph is a straight line passing through the origin, e-t 
equation with sign can be written as 

e = (-\) n ^BR 2 ai^ 

Hence n = 1, 2, 3,... is the number of half revolutions that 
the loop performs at the given moment. 

The e-t graph is as shown in figure (b). 

For Problems 11-13 
11 . d., 12. a., 13. b. 

Sol. The large circuit is a circuit with a time constant of 


T= RC = (10 £2) (20 X10 -6 F) = 200ns. 
Thus, the current as a function of time is 




100V 

10£2 


200us 


\ * W / 

At t = 200 ms, we obtain 

i= (10 A) (e -1 ) = 3.7 A. 


Assuming that only the long wire nearest the small loop 
produces an appreciable magnetic flux through the small 
loop, 


. ;■ : Jc 2 nr 2x c 

So the e.m.f induced in the small loop at f = 200 ms 




dt 





di 

dt 


(4ft x 10" 7 -^) (0.200 m) 

_Axm 2 _' 

2k 


( 

x In (3.0) 


\ 


3.7 A 
200xl0' 6 


\ 




Thus, the induced current in the small loop is 


/'= 1=_ 0,8 Im --= 54 (lA. 

R 25(0.600 m)(1.0£2/m) 

The induced current will act to oppose the decrease in flux 
from the large loop. Thus, the induced current flows 
counterclockwise. 

Three of the wires in the large loop are too far away to make 
a. significant contribution to the flux in the small loop—as 
can be seen by comparing the distance to the dimensions of 
the large loop. 

For Problems 14-15 
14. a. ,15. iv, c., if, a. 

Sol. Casel 



Fig. 8.461 


/- e = Blv 
~ R + (rl 2) " R + (rJ 2) 

Case II 


v h-r 



Fig. 8.462 
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-(^i -I')R-I t r+e ~0 For]oop(l) (i) 

rib + I') = 2e For loop (2) (ii) 

Solve to get, /,=/'= — 

R 

Hence current in is zero. 

Ii. e t Bl v h e 2 = Bl v 2 


h 


*r 




-JT^h 


l~h 


For (1) ^ Cj — (/ ~ /j + 1 2)^2 "t I 2^2 
For (2) e^ + e 2 = (J ~ 7| + /jJrj + 7r [ 
For(3)-> e ( =/r ( +/)/?| 


Solve to get 7 ( 


BlRjjv 1 J 2 -W) 

+ r 2 ) + r 2 t j(B, +R 2 ) 


For Problems 16-17 
16. b., 17. a. 


Sol. Note that the magnitude of magnetic field as well as area 
enclosed by the circuit is varying. 

The magnetic flux is 
BA = Btx 


i±, B U-+ i ± A 

dt dt dt dt dt 

dx 

In the given problem — --v as it tends to decrease the flux. 
dt 

According to Faraday's law, 

~~^ = ‘[~ Bev+ ~di A ] 

= -[(0.1)(5xl(T 2 )(5xl0' 2 ) + (0.2)x 


(5X5X10* 4 )] 

= -25x I0 -5 V 

The net rate of change of flux is positive, hence the 
secondary magnetic field must oppose it; it is directed into 
the page. The induced current is clockwise in accordance 
with the right hand thumb rule. 

25X10" 5 


Induced current/ = 


10’ 


= 2.5 A 


For Problems 18-20 
18. a., 19. c., 20. b. 

Sol. a. The current of the battery at any instant, I = E/R. 
The magnetic force due to this current 




IBL - 


EBi 


This magnetic force will accelerate the rod from its 
position of rest The motional e.m.f. developed in the 
rod is Btv\ 
the induced current, 

- Biv 
'induced - n 


The magnetic force due to the induced current, 

B 2 ?v 

F —I — 
r induced " -1 induced “ ^ 

From Fleming’s left hand rule, force F a is to the right and 
^Induced is t0 the left. Net force on the rod = F a ~ F irlduced 
From Newton’s second law, 

„ _ dv 

Fb = induced* 

EBI B 2 l 2 v dv 

R R dt 

On separating variables and integrating speed from v 0 to 
v and time from 0 to f, we have 


dv Bl J 

-= —dt 

E-Bvl mR 

,*_dv - Bl» 

J o(E-Bwf) mtf J o 

l, £ J mR 

E — Bvl B 2 / 2 

-= e - 1 

E mR 



where /=-- 

(Bl? 

b The rod will attain a terminal velocity at / —» i .e., when 

e = 0, the velocity is independent of time. 



c. The induced current / induccd = BlvIR, When the rod has 
attained terminal speed, 

^induced = =E ' R 

The current of battery and the induced current are of same 
magnitude, hence net current through the circuit is zero. 
For Problems 21-22 
21. a., 22. b. 



B-jlnl 

dB dl 
— = V n ~7 


= // O (900) 60=(4a , xl0 _7 )x900x60 
= 216^x10^ T/s 

a E= jjy* 10 ' 2 )* 216 ** 10 " 6 

- 54/rxlO" 8 N/C 
h E= lOCbrxlCT* N/C 
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For Problems 23-27 


23. c., 24 .a^ 25.b, 26.b., 27,b. 


Sol 


d<& 8 _ dB 
dt dt 


= 7rr } 


2 


dB 

dt 


_l d<&a __ 71 r 2 dB _ r, dB 

2nr x dt lK)\ dt 2 dt 



_I d<& B nR 1 dB R 1 dB 

27tr 2 dt 2 7l>2 dt 2 r 7 dt 

For Problems 28-29 
28. d., 29. b. 

Sol. First let us consider an external point and take the path 
for out line integral to be a circle of radius reentered on the 
solenoids as illustrated in Fig. 8.465. 

By symmetry we see that the magnitude of electric Held is 
constant on this path and that is tangent to it. The magnetic 
flux through the area enclosed by this path is BA = B7zR\ 
hence the equation gives 

c - _ d 5 ? dB 

SE-cls = -(BnR 1 ) = -JlR 2 — 

7 dt dt 

r - 'i dB 

wE-ds = E(27rr) = -7zR L — 0) 

J dt 

The magnetic field inside the long solenoid is given by B - 
ntf/il. When we substitute 1 = cos cot into this equation 
and then substitute the result into equation (i), we find that 


E(2m)=~n:R 7 jj Q n/ mitli ~(cos an) = nl ?’ /U 0 nl m iy sin an 
at 


E = 


2 r 


sm cot 


(fo rr>R) 


Hence, the electric field varies sinusoidally with time and its 
amplitude falls off as Mr outside the solenoid. 

Proceeding as above, we find that 


2 dB j w 

E(2ffr)= — 7lr —— = 7tr l ju^txl mnx Sin 
dt 


For Problems 30-32 
30. c. 31., d., 32. b. 

Sol. a. For clarity, figure is rotated so it comes out of the page. 



c. 


i- • 

" R~ R dt~ R di 
_ (0.20m ) 2 (0.0350 T/s) 

1.90 Cl - 
= 7.37 x 10' 4 A 

1 1 A dB _ (0.20m) 2 (0.0350 T/s) 

ii A — £ — L-i — 

H S dt 8 


= l.75x 10 " 4 V 
But there is a potential drop 
V=1R= 1.75 x 10 ' 4 V, 
so the potential difference is zero. 
For Problems 33-34 
33. b., 34., b. 


Sol. i. 


r_ dR^ 
~ 2 dt 


dB 

dt 


= B 0 


Fig. 8.465 



E- sin cot (fo rr<B) 

2 r 

This shows that the amplitude of the electric field induced 
inside the solenoid he changing magnetic flux through 
the solenoid increases imearly with rand varies sinusoidally 
with time. 


E= (i) 

dT— dF a ^(dqE)-a 

T= jdT=Esijdq = Eaq 
la 
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T _ Eciq _ Eq 
/ (nia 2 ) mo 

a = — anticlockwise 


ii. Power 

P- r- d) 

Eq 

= (Ea?) (<M) = Eaq — t 
ma 

eV 

p= ——/ 

For Problems 35-40 

35. b. 36. a., 37. c., 38. a., 39. c., 40. b. 
Sol. Instantaneous current in the capacitor, 

q= CV c = (2)(3rT 2 ') = 6c" 2 ' A 

Current, i c — — = -12e 2t A 
d{ 

Current flows from B to O. 


_ </ 


Fig. 8.466 
From K.VL, we have 

i L - i\ +/2 + /<■ = IIV 2> + 4-12? 

= (4 —2^"" ; )A = (2 + 2(1 - )l A 

/y vs. time graph is as shown in Fig. 8.467. 
i L increases from 2 A to 4 A exponentially. 



= (4) — (4-2e -2 ') =16e“ 2 'V 
dt 

^decreases exponentially from 16 A to 0 as shown in 
Fig. 8.468. 

To determine V AC > we begin from A and end at C . From 
KVL, we have 



V/i - i\R\ + Vc 

V A - y c =i\R\-h_R 1 
Substituting the values, we have 

t/ Ar ^ (10e“ 2 ')(2)-(4)(3) 



V A< -= (2(V 2 ' - I 21V 
At / = ().V Af = 8V 

At ,_~.\V = -I2V 

Therefore. V AC decreases exponentially from 8 V to 
- 12 V. 



Similarly, we have from A to B 
V A ~i t R l + V c =V B 






















VAB=V A -V B = i\Ri-Vc 
Substituting the values we have , 

Vm= (lO0')(2)-30' 

V AB = \le~ V V 

Thus* V ad decreases exponentially from 17 V to 0. 
As we move from C to D, 

V c — l L “ 

V CD - Vc ~^D = *2^2 +/ Z. 
Substituting the values we have , 

V C n- (4X-3)+l6<’- 2 ' 



V CD = (12 + 16^0 V 
Ai /=0. V r/) =28V 

and at /= °°. V CD = 12 V 

i.e., V CD decreases exponentially from 28 V to 12 V. 
For Problems 41-43 
41. b. 42. c M 43. b. 

Sol. S { and S 2 are closed for 1 s. 

Change in capacitor, 

c,= a?(i-,-' /Rr ) 

q = Ixl(l-0 ,M ) 


H 


<i) 


The current in inductor. 

-tunA 


E i 

I = -\\-t 
R [ 

-K 

Now S x and S x are opened and S 2 is closed, 
h is LC circuit. 

</ = </ in ^ sin«w/ + 0) 

I - W HK | X + 

As total energy |Magnetic + electrical) is constant 


- A/.;,.., = 


2 c 


= a- + - 


1 ?: 
2 C 


(ii) 

(iii) 

<iv> 

(v» 


Faraday's Law and Lena's Law 8.137 


- 4 -;) 

= 75 ( 1 - 


(Vi) 

(vii) 


From (iii) at / = 0. we gel 


1 - -) = J2 I — — 1 sin <p => 0 = ~ 
\ e) K e) * 4 


where. co~ 


= 1 


<■1 


Jlc 

= 4'-;M‘" + ?) 


For Problems 44-48 

44. c. 45. a., 46. c. f 47. a., 48. a. 

Sol. a. When switch is closed, the inductor will act as infinite 
resistance. Hence the current will flow through R x only 
Kih= £= 120 V 

b Point a will be at higher potential, 
c. The nature of circuit at the lime of closing the switch is 
V tlh = £ = 120 V 



Fig. 8.472 

d c will be at higher potential. 

Now the switch is dosed for a long time and then opened. 
After just before opening the switch the current through 
the inductor 

/ _ E - 120 - 12 A 


50 5 

*1 

-AAAAr 


0 


-^aaaa,— 


'h 


Fig. 8.473 


kl 


12 


Potential difference across Ry - ! {) Ry = — x 30 = 72 V 

For Problems 49-50 
49. d M SO. a. 

d0 


Sol. \£\ = 


dt 


2x2 RxR dB dB 

-x — = 2 R — 

2 dt dt 
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In loop ABC, . induced due lo branch AC is zero and 
contribution of e.mX due (o AS and QC are equal; hence 
contribution of c.m.f for the branch is 



For Problems 51-53 
51. lx, 52. c. 53. d. 

Sob At / = 0. capacitor will behave like a short circuit and the 
inductor as open circuit but as / —> «>. the nature is just 
opposite. 

At i = 0, capacitor will behave like a short circuit and the 
inductor as open circuit but as / the nature is just 

opposite. 

At / - 0, capncilor will behave like a short circuit and the 
inductor as open circuit but as i ©©. the nature is just 
opposite. 

For Problems 54-56 
54. a., 55. a., 56. h. 

Sol. At i = 0. circuit cun he considered as follows. 

it i 

r—- - ^ VWV— -|- *A/W\i -— 

.1 m o 



\ 


Fig. 8.474 

After a long time, circuit can he considered as follows- 

ft 

— -M/W\r" --VWV 


T 



AAA/V- - i 

■ i 



ihh 

Fig. 8.475 

I ninicdiaielv alter closing S. — *0 Because inducede in.I. 

L<th n 

-- 0 

dt 

For Problems 57-59 
57. a., 58. b.* 59. b. 

d<p ( dH j 

Sol. 0- obfit* — * — - ith\ -= aha. anticlockwise as 

/// l d\ t 

seen from above. 
t - filth i-in clockwise ^ensc 
Applying principle ol superposition. 

For Problems 60-62 
60. a., 61. lx, 62. d. 


Sol. dtp— BdA 


dty = 


Moj I Ell 
2nx 2jrQa - x) 


adx 



0 = 


/V 

2 K 


J v J (\t - x) 


a: 0- 




Magnitude of e.m.f. in this circuit- 


d0 

jtiyiitinl) 

di 

di 

n 

di 


,// 0 crln2 

t- -/,//>* \n(0? 

JT 

In ll u (0 . 

i/.r. current. / - — . ^ — sinuUf-0) 

* to' l: 

For Problems 63-65 
63. h.. 64. h.. 65. h. 

Sol. From loop, applying KuvhholV’s law. 

/ 

- VWV ~.7- 1 

i [ 

fA > tun 


In 2 


0) ■ 


u & 

_L__I 

Ki«. 8.477 


I II 10/'= 10 
From loop (id 

-/. — > 10 / ■ 10 /’ = 0 
(// 

l di * 

/ /'= - 

10 di 

Solving simultaneously (i) and (ii). we have 
5> 

25 

!■= 5 —— 

6 

^ I OOP) 

/-/'= 

6 


mid 




125. 


1000/ 

3 )2|tlJ 


(i) 

(ii) 

(iii) 

(iv) 
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£ t (,-»«*,) = 1X 5 x I0‘ J <5-0) J 
E l ~ 62.5 mJ 

EAt ->~)= -CV 2 = — x 20x1 O^x 100= 1 mJ 
2 2 

For Problems 66-68 
66 . b., 67. c., 68. b. 

Sol. Since the field is increasing in inside direction in bigger 
loop, so (he current will be induced lo oppose this increasing 
flux. Hence in anticlockwise direction. 

<p= BA = B(l 2 + b 2 ) • 


\e\ = 


dtp 




dt 

£_ 
2 R 


- — (i 2 +b 2 )=0.5V. 
dt 


tlR 


L 

1L 

-JUJLSL 


20 L J 


2 R 

-A/Wv- 


Fig. 8.478 

u 

40 L J 
For Problems 69-71 
69. b., 70. d., 71. c. 

Sol. The inductor behaves as an open circuit at the initial 
instant (/ = 0), 
d\ 

L — = potential difference across the inductor 
d( 

= W D -V c \ t which may be determined by using 
KirchhofTs rules 

The 6 £2 resistor is connected directly across the battery and 
the current through it is constant. 

After a long time (/ -4 <*>), the current through the inductor 
becomes constant, i.e., the potential difference across it 


dt) 


becomes zero. Applying Kirchhoff s rules, one can 


find the current through the inductor. 

For Problems 72^-74 
72. a., 73. c., 74. b. 

Sol. y = 2As\nkx cos cor 
dy 

v = — = -2 A sin kx &>sin cor 
dt 

v m ,, = -lAS sin kx,k~ ■— 


AB 


/ = AB 


AH 


e = J Bv imx dx = -InAB J sin kxdx = 


IcoAB 


o 

cos AB - cos 6 
AB 


'4{AB)C0 


K 

0)1 ~ - 
2 

n 

2 co 


For second harmonic k = — 
AB 


For Problems 75-77 
75. b M 76. c., 77. d. 

Sol. At / = 0, capacitor will behave like a short-circuit and the 
inductor as an open circuit but as t -4 the nature is just 
opposite. 

At / = 0, capacitor will behave like a short-circuit and the 
inductor as an open circuit but as / -» ©*» the nature is just 
opposite.. 

It will vary with time. 

For Problems 78-80 


78. b., 79. c., 80. b. 

The fan is running at 200 V. consuming 1000 W. then 


1000 

200 


= 5 A 


But as coil resistance is I Cl, power dissipated by internal 
resistance as heal is P { - i 2 R = 25 W. 

If V is the net c.m.f. across the coil, then 


V 2 

— = 25 W or V= 5 V 
R 

Net e.mT = source e.m.f - back c.m.f 
or , V = Vy - =z> e = 195 V 

The work done l\ = 1000 - 25 - 975 W, 


For Problems 81-83 
81. a., 82. a., 83. c. 


Sol. — = 2 T/x 
dl 


Adi) 

dt 


-800x10 4 nr x 2 = -0.16V 


0.16 

Ifl 


0.16 A, clockwise 


Alt = 2 s. B ~ 4 T. — = 2 T/s 
dt 

a = 20 x 30 cm 2 


= 600xl0~ 4 m 2 ; — = -(5x20)cin 2 /s 
dt 

= -100x 10" 4 in 2 /s 


dtp _ 

' d(BA)' 

(" BdA AdB 

dt " 

. dt 

[ dt + dt 


= -|4x (- I0()x I0' 4 )+ 60()x I0 -4 x 2] 
= -[-0.04 + 0.120] =-0.08 V 






















Faraday's Law and Lenz's Law 8.141 


When capacitor is connected at position 1. 


E-IR- 1= 0 
c 

\—di = j— 

l RC 1 E C-‘I 


or <7 = 50[2-c '] mC 


At t = l s ,<7 = 50|2-e-'l 
Voltage across the capacitor at that lime 

<7 50(20-1/^) , 

V= - = — 2 -p 1 =5x10^(2 - I te) V 

c 10 x 10"’' 


^Li 2 =~CV 2 => / = ^2- ^ j x I0 4 A 

I 1000 . I0 3 „ 

Frcquency^--^ =--- = —Hz 

= —Hz H 

7t 

For Problems 96-97 
96, a., 97. d. 

Sol. Current should enter the bar from P so that magnetic 
force is upwards. 

V 

UB = mg or - IB - mg 
150x0.6x1.5 

or m- — -= 2.7 kg 

5x10 

For Problems 98-100 
98. a., 99. d., 100. a. 

Sol. (p- Blx 

emf. = / x — + Blx = Ixv + xlv = 2 lx\> 
dt 


Bit 


Fig. 8.482 


lx 


/ = — (2v>) = 2xv 

R 

dv -ilv BII 2 

-v— =-= — = x{2v) 

dx dx m 


r a 

| dv = -2 | x 2 dx 


2x 

3 


=$ x — 


3(^0 - v) 


1/5 


Using work energy theorem. 


Matching Column 
Type 


1. i. —»c», ii. —»a., iii. —>d., iv. —»b. 

When the switch is connected with a fora long time, current 

in the circuit would be —. When the switch is connected 
R 

F 

with h , the current is-. * 

2/e„ 

Next, comparison is made on the basis of time constant. 
Shorter lime constant means faster decay of the current. 
Between (i)and (ii), (iii) has greater lime constant, and hence 
slower decay of current, corresponding to graph IV, 

2. i. -4 b., ii. -> a.* iii. -»d., iv. -»d. 

i. -- = |()Xl()- J T/.s 

(it 

A~ 2 2 = 4 cm 2 =4x1 O’ 4 m 2 


e = 


dtp 

~di 


— = 4x10"’ x 10x10 ■' 
(I i 


= 4xlO" 6 V 



4 x 10 r ‘ 
2x4 


= 5x10 7 


A 


C J (I C 



Si 


f a b 

Fig. 8.483 

Theejn.f. will be in anticlockwise direction, so current 
will be front a to tL 

ii. Again, current will be in anticlockwise direction. 

d 



Si 


L 

a 

Fig. 8.484 

This makes the direction of current from d to a , 
magnitude same as that in part (i). 

iii. If both are open, induced e.m.f. will develop, but no 
current will flow. 

iv. IF both are closed, then induced e.m.f. in the left part will 
tend to flow current from a to d and in right part current 
wiil lend to flow from d to cu So, from the principle of 
superposition* no current will flow in ad. 
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3. j* -> b.,c., ii. — > b.,c., in. -> a.,b.,c.,d., iv. b*,c.,d» 

LL = ^ 

£ 

So, L depends upon shape, size (1, A) and medium (p) 
inserted. 


O 

So, C depends upon shape, size (4, d) and medium (e ) 
inserted. 

iii. Z ~^R 2 +x\ 

When x L = coh y (O depends upon the external voltage 
source. So, 2 depends upon all the factors in column II. 

iv. X r = —* — (independent of resistivity) 

coC 

4. i. —> c., ii. —> d., iii. -» a., iv. -» b. 

Magnetic field is along x axis because when the cube is 

. moved alongjr-axis, there is no motional e.m.f. as vxB = 0. 
When the block is moved along y-axis, force on the 

electrons is in direction -{j xi)-k 

Therefore, electric field will be created along z-axis. 

Now, c vB = 24 mV 
=> c = 20 cm 


Similarly, bvB = 36 mV 
^=> b = 30 cm 


a~ 25 cm 

5. i. -> a.,c., ii* —»a.,c., iii. b.,d*, iv. a*,b M c M d. 

a Speed of the charged particle cannot be changed by 
magnetic force because magnetic force does no work on 
charged particle. Only electric field in case (p) and 
induced electric field in case (r) can change speed of the 
charged particle. 

h. Magnetic field cannot exert force on the charged particle 
> at rest. Only electric field in case (p) and induced electric 

field in case (r) can exert force on charge initially at 
rest: In case (r) after the charged particle starts moving, 
the magnetic field can exert force on the charge. 

c. A charged particle can move on a circle with a uniform 
speed due to uniform and constant magnetic field. Even 
within a region of non-uniform magnetic field, at all 
points on the circle, the field may be uniform, for example, 
on any circle coaxial with a current-carying ring. 

d. A moving charged particle is accelerated by electric field 
and also accelerated by magnetic field (provided v is not 
parallel to B), 

6 . i* b.,c M ii. —> a*,d>» iii a.,c., iv. b.,d. 

1 o 

i. Area OPMQ = —r0 

i 2 

Flux in this area, <b x =— r OB 
ri 2 

Induced e.m.f. in this area, 


*i= 


d< k _ 1 

dt 2 dt 



Area OPQ - rsinf — |/ , cos[ — | = -r 2 sin# 

UJ U J 2 

Induced e.m.f. in OPQ , 


^2 = 


dfy 1 2 ■ 

= —-=-r sinO — 
dt 2 dt 

c 2 will be only in part PQ, because in PQ and OP induced 

e.m.f. will be zero. Clearly, < e ,, because area OPQ < 
area OPMQ . 

Since B is increasing, so e.m.f. will be in anticlockwise 
direction. Hence end P will be positive w.r.t. Q. 

ii. Here e.m.f. in OPQ will be due to flux changing in area 

OMQ. This area is —r L Q . The entire e.m.f. will be in 
2 

part PQ, End Q will be positive. 



1 , dB 

iii. Induced e.m.f. = — r <9 — . End P will be positive. 

2 dt y 


1 - 

iv. Area in which flux is changing is lesss than —r 0. End 


Q will be positive. 

7. i.ii.—»b.,c., iii. iv.^a.,c* 

Since field is decreasing, so induced electric field at both 
points A and B will be in clockwise direction or towards 1. 
Hence, force on an electron will be along 3 to both points A 
and B. 



Fig. 8*48; 
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For A: ElTtr — jua 2 


dB 

dt 


r 


For B\ E 2nr - Kr 2 


dB 

dt 


r 


8. i, —»c., ii.—>c., iii, —»a.,c., iv. -»a.,c. 
i, Current in inductor when switch is open: 



Initially induced e.m A\ will be equal to E and finally it is 
zero. So, energy stored will be zero, 

ii. Same as (i). 

iii., iv. Here current becomes zero suddenly. 

c dl . - 
So, ■— is large. 
dt 

dl 

Hence, induced e.m.f. L — will be large. Finally, 

dt 

energy stored in inductor will be zero. 

9, i, —»c., ii, —» b., iii, a., iv. -> b. 

Using Faraday’s law, whenever there is a change in flux 
linked with the coil, e.m.f. is induced the coil. 

When a <x< b, flux lined with the coil is Blix. 


or 


dtp ^ dW /.\ 
e ~ ~t~ dt~ 
e = -BMv 




dx 

dl 


When b <x < 2b . there is no change in flux. So. no c:m.f. is 
induced. When 2b < x < 3/>. there is a decrease in flux, hence 
e = BIhK 

When* > 3 b, again flux linked with the coil is zero, hence 
no e.m.f. is induced. 


10, i.^b„ ii.—»c., iii. iv. -»b. 

I. Ai / — I s, flux is increasing in the inward direction, hence 
induced e.m.f. will be in anticlockwise direction. 

ii. At / = 5 s, there is no change influx, so induced e.m.f. is 
zero. 

iii. At / = 9 s, flux is Increasing in upward direction, hence 
induced e.m.f. will be in clockwise direction. 

iv. At ( - 15 s, flux is decreasing in upward direction, so 
induced e.m.f. will be in anticlockwise direction. 


11.1, —> c. } ii.^a.,b.* iii. —> iv.->c. 

dtp dB 

We know that e - -= -A—. II we take area vector in 

dt dt 

the upward direction, then anticlockwise direction will be 
+ ve. From 0 to t t and t 5 to / 6 , dBldt is + ive. Hence induced 
e.m.f. e is -ve. So, induced current will be in clockwise 
direction. From / 2 to t 4% dBldt is -ve. Hence induced e.m.f. e 
is + ve. So, induced current will be in anticlockwise direction, 
From t { to t 2 and t A to / s , dBldt is zero. Hence, no e.m.f. is 
induced. Induced e.m.f. or current is maximum from 0 to r, 
and t s to / 6 , because here magnitude of dBldt is maximum. 


12. i, —> c.,d., ii. c.,d., iii. —> b.,d*, iv, —» a.,d. 

i. e OA =^Bco{Aco) 2 =^Bco(j2L) 2 = BaL 2 

ii. e OD -^Bw(OD) 2 = ~Bco(\f2 L) 2 = Bool} 

... 1 2 1 , 

iii. e oc - —BcoL or e oc — E OD - E oc = —BcoL 

iv. e A -e () = Bcol} 

e D ~~ c {\ ~ BcqL~ 

e AD ~ 0 

13, i. —»a,,d»« ii, —> b.,d. ? iii. —» c., iv, —»a.,d, 

i. Just al ter switch S is closed, flux in M starts increa.sing in 

left direction, so in N also the flux starts increasing in left 
direction. This will induce current in A in a direction so 
lhai the flux is in right direction. This is possible if 
induced current in N is from A to ( 

ii. In this case just reverse of (i) will happen, because after 
closing the switch, the flux in M starts decreasing in left 
direction. 

iii. After a long time of closing the switch, flux becomes 
constant. Hence, no current is induced. 

tv. Just after closing S> flux starts increasing, but because M 
moves away so due to this flux through N will decrease. 
But there will be a net increase in flux in A in left direction. 
This is the case similar to (i). 


Archives 


Fill in the Blanks Type 

1, i. The coil is broken into two identical coils. 


= L [~r L [l = - “0.45x 10“ 4 H, 


LI1 + LI2 4 
RI2xRI2 R 


^ R R 

... + - 

2 "> 


= = 1.5 a 

4 


Time constant = 


Lc. 0.45 x 10" J 


K, 


Ot| 


1,5 


— - 0.3 x 10 s. Steady 


current, 


a 

R 1.5 


2. We know that the velocity of light in vacuum c = 


n/a 


0 C 0 


and the velocity of light in a medium v = Also, the 

VA* 

refractive index 

Velocity of light in medium v 

tt — — ■ 

Velocity of light in vacuum c 


I tsfrie ^ 
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3. Left to right. 

4. V 0 + e-\S + tx\=V A 


=> V B -V A = 15 -e-I 

Here, . I = 5 A, e = — = 
di 



= - 5 x 10' 3 x 10 -3 = — 5 V 


V n -V A = 15V 


True or False 

X* For induced e.m.f. 10 develop in a coil the magnetic flux 
through it must change. Bui in this case the number of 
magnetic lines of force through the coil is not changing. 
Therefore the statement is false. 

2. When conducting rod AB moves parallel to .v-axis in a 
uniform magnetic field pointing in the positive z-direction, 
then according to Fleming's left hand rule, the electrons will 
experience a force towards B. Hence, the end A will become 
positive. Therefore the statement is true. 


Single Correct Answer Type 

X. d. Net charge in magnetic flux passing through the coil is 


zero. 


.-. Current (or e.m.f.) induced in the loop is zero. 

do 

2. b. The individual e.m.f. produced in the coil e = —. 


The current induced will be / 


IH 


l dip 

R dt 


But 


da da I 

v =- ~ => — = — 


dt 


\dc,= - j> 


■</ = ■ 


dtp 

BA 
R / 


3. d. The semicircular ring is falling \4rtically. If it moves a 
distance dx in lime dt , then change in area in the magnetic 
Field is 

c/A = 2 Rdx 

=> — = 2R— = 2RV 

dt dt 


Now, induced e.m.f.. 


<Sd> d — — 

e = --- = --(BA) = 
dt dt 


ill 


<5Acos0) 


= ---(BA cos 90°) 
dt 


=t> e=-B - B(2RV) 

dt 

\e\=2RBv 

When the semicircular ring moves out of the magnetic field, 
the magnetic field passing through it outward of *he plane of 
paper decreases. By Lenz’s law induced e.m.f. will be 
produced such that current flows in anticlockwise direction. 
This will create a magnetic field in the direction outward of 


the plane of paper. In this case, Q will be at a higher potential 
(as current flows from high potential to low potential), 

4. b. A motional e.m.f., e = Btv, is induced in the rod. Or we can 
say a potential difference is induced between the two ends 
of the rod AB , with A at higher potential and B at lower 
potential. Due to this potential difference, there is an electric 
field in (he rod. 

5. b. Magnetic field produced by a current I in a large square 
loop at its centre, 

B <=* — => B-K — 

L L 

Magnetic flux linked with the smaller loop, 

4>=BS <P=[j< L L )(J 2 ) 

Therefore, the mutual inductance 

d> i 2 • / 2 

M = — = K — nr M « — 

/ L L 

6. c. When the current in loop A increases, the magnetic lines 
of force in loop B also increase as loop A is near loop B. This 
induces an e.m.f in B is such a direction that current (lows in 
opposite direction in B (as compared to A). Since currents 
are in opposite directions, loop B is repelled by loop A. 


7. d. We have 

/=/<,< \-e~' lT ) 


Bm 


8. lx 


, v , L 


6/i8.4xl0 

e 


R 

= l (given) 

t- 0.97 x 10 -3 s — I ms 

E = -- = --(/?• A) = — (5/4',cos 90°) 
dt dt dt 


1 


J = A 


dB 

dt 


E(2xr) - no* ■— for r > a 


dt 


r- "If® 

2r di 


- 


9, d. The magnetic field m the center of the coil B(t) = //^i /,. As 
the current increases. B will also increase with time till it 
reaches a maximum value (when the current becomes 
steady). The induced e.m.f in the ring 

dip d - - 
*=-£-- (B A) 
dt dt 


= -A T (// tl n/ l ) 
dt 

The induced current in the ring 
I e I // 0 /tA dl x 


hO) = 


R dt 




Faraday's Law and Len/s Law 8.145 


[Please note that — decreases with time and hence / 2 .) 
dt 

where / t = / mflX (1 - e ~ itl ). The relvant graphs are 


hO) 



10. c. Redrawing the figure, we find that there is a quadrilateral 
with four resistances /?,, R 2 , and R 4> i.e., a Wheatstone 
bridge. If this Wheatstone bridge is balanced, then R G 
becomes ineffective which is the required condition here. 


Ri R 3 

Therefore, — = — 


R^R a = R 2 R^ 


11- a. When current flows in any of the coils, the flux linked with 
the other coil will be maximum in the first case. Therefore, 
mutual inductance will be maximum in case (a). 

12. d. Apply Lenz's law. 

j?2 „,.2 , 

13. d P= — = 


{£T -4 

~r (NBA) 2 

ydt) pi 

_dt 




Pi 


dt 


N l r 


2 


Case 1: P { oc 

Case 2: P 2 CX 

=> — L = 

P2 


N 1 ! 1 


(4N) 2 (rl2) 2 


■ 41 


14. a. Since current leads e.m.f. (as seen from the graph), 
therefore this is an R-C circuit. 

tan <p - — - -- 

R 


Here, <j>— 45° 
X C =R 
1 


coC 


= R 


L.H.S. 


1 


100x10x10 


[X L = 0 as there is no inductor) 


= r = io 3 n 


changes. A changing magnetic field will create an electric 
field which can apply force on the free electrons of the 
conducting rod and a current will get induced. But since the 
magnetic field is constant, no current will be induced. 

17. d. According to Lenz’s law, current will be in anticlockwise 
sense as magnetic field is increasing into the plane of paper. 

Multiple Correct Answers Type 

1. a.,b.,c. 

2. d. Since the rate of change of magnetic flux is zero, hence 
there will be no net induced e.m.f. and hence no current 
flowing in the loop. 

3. a.,c.,d. 

di - 

Rate of charge of current = — - m (say) 

dt 

di\ ^ 

Induced e.m.f. v x = -L l — L = -8x 10 _J x m 


dt 


Power, P- V, i { =8 x 10" 3 xmx/| 

Rate of charge of current = — = m (given). Induced e.m.f. 

dt 

V 0 - — Ly = - 2 X 10 “ 3 X 
2 , dt 

Power, P = V 2 i 2 - 2 x 10" 3 x m x i 2 
Since power is equal 

8x 10 -3 x 1 = 2x 10 _3 xt?i/ 2 


(i) 


-6 


\_ 

4 


Energy W i = ^if = ^xgx 1(T 3 xif 


Energy W 2 = - l^i\ = — x 2 x 10 3 x if 

W, 10" 3 X i| \ A A A 

—- = - “ - x 4 x 4 - 4 

4 x 10 -3 x /| 4 

4. b. The magnetic field due to a current Rowing in a wire of 
finite length is given by 

8- (sin # +sin J3) 

AttR 


15. c. Initially <j> B increases as the magnet approaches the 
solenoid. Therefore £ is -ve and increases in magnitude 
when the magnet moves inside the solenoid. Increase in 
slows down and finally ^starts decreasing. Therefore e.m.f 
becomes positive and starts increasing. Only graph (c) 
shows these characteristics. 

16. a. For a current to induce in the cylindrical conducting rod, 
the cylindrical rod should cut magnetic lines of force which 
will happen only when the cylindrical conducting rod is 
moving. Since conducting rod is at rest, no current will be 
induced. The magnitude and direction of the magnetic field 


Applying the above formula for AB for finding the field at 
Ois 

B = ^ (sin 45° + sin 45°) 

4tc(LI2) 

_ /Vi 
\[2kL 

acting perpendicular to the plane of paper upwards. 
Therefore the total magnetic field due to current flowing 
through ABCD is 
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8=4 

\jlnL kL 

The total flux passing through the square EFGH 

&= B*e= 2 -^h ® 

ftL 

The flux through the small square loop is directly propor¬ 
tional to the current passing through big square loop. 

=> <h=M 2 l\ 

where M 2 = mutual conductance 


M- 


_ fe _ nL 


2^q/| ^ ^2 


2 sfip, 


7rL 


-X< 2 =* A/ 2 oc L 


5* a.) b«j c») d. 


r <b ( weber 

a. L = — or henry =- 

/ ampere 


—(f) 


L= — 


or henry = 


(difdt) 
volt - second 


ampere 


c. U= -Li 1 
2 

L = 2 JL 

i 2 


or henry - 


joule 

(ampere) 2 


1 9 

d U= -Li 2 

2 

.\ L = Rt or henry = ohm-second 

6. b^d. 

Electrostatic and gravitational field do not make closed 
loops. 

7. b., d. 

As — = e.m.f. is the same, the current induced in the ring 
di 

will depend upon the resistance, of the ring. Larger the 
resistivity smaller the current. 

Assertion-Reasoning Type 

1. a. The induced current in the ring will interact with horizontal 
component of magnetic field and both will repel each other. 
This repulsion will balance the weight of the ring. 

Comprehension Type 

L b. Charge on capacitor at time t is: 
q-q^(\-e- ,lT ) 

Here, < 7 0 = Cl^and f = 2 t 

q=CV( 1 -e~ 2T,T ) = CV( \-e~ 2 ) 

2. d. From conservation of energy, 

1 - »2 _ 1 /^t/2 • - IC 


^ M =-CV 2 => 


3. c. Comparing the LC oscillation with normal SHM, we get 
'! 2 Q 

^T=-(0 2 Q 


di 1 


Here, ai l = — 
LC 


Q= -lc 


4. a. 5. d. 6. c. 


d^Q 

dt 2 
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INTRODUCTION 

We represented electric interactions in Iwo steps: 

• A distribution of electric charge at rest creates an electric 
field E in the surrounding space. 

• The electric field exerts a force F - qE on any other charge 
q that is present in the field. 

We can describe magnetic interactions in a similar way: 

1. A moving charge or a current creates a magnetic field in the 
surrounding space (in addition to its electric field). 

2. The magnetic field exerts a force F on any other moving 
charge or current that is present in the field. 

Like electric field* magnetic field is a vector field—that is, a 
vector quantity associated with each point in space. We will use 

the symbol B for magnetic field. At any position* the direction 

of B is defined as that in which the north pole of a compass 
needle tends to point. 

We can quantify the magnetic field B by using our model of a 
particle in a field. The existence of a magnetic field at some point 
in space can be determined by measuring the magnetic force 
F b exerted on an appropriate test particle placed at that point. 
This process is the same one we followed in defining the electric 
field. Our test particle will be an electrically charged particle such 
as a proton. If we perform such an experiment* we find the 
following results: 

• The magnetic force F B is proportional to the charge q of the 
particle as well as to the speed v of the particle. 

• When a charged particle moves parallel to the magnetic field 
vector* the magnetic force F B on the charge is zero. 

• When the velocity vector makes an angle 8 with the magnetic 
field* the magnetic force acts in a direction perpendicular to 

both v and B\ that is* the magnetic force is perpendicular to 

the plane formed by v and B . 

• The magnetic force on a negative charge is directed apposite 
to the force on a positive charge moving in the same direction. 

• If the velocity vector makes an angle 8 with the magnetic 
field, the magnitudeof the magnetic force is proportional to 
sin 0. 

; These results show that the magnetic force on a particle is 
more complicated than the electric force. The magnetic force is 
distinctive because it depends on the velocity of the particle and 

because its direction is perpendicular to both v and B . Despite 
this complicated behavior, these observations can be summarized 
in a compact way by writing the magnetic force in the form 

F b -qv x B 



- --- ► 

F — qvB sin 0 
v± =* v sin 0 

va( an angle 010 ~B 
magnetic force has 
magnitude F ■= qvB sin 0 

(a) 

Fig. 9.1 



where (he direction of the magnetic force is that of vxB 
which* by definition of the cross product, is perpendicular to both 

v and B . We can regard equation F B =qvxB as an operational 
definition of the magnetic field at a point in space. The S.I. unit of 
magnetic field is the tesla (T), Where 1 T“ IN s’* m" 1 . 

Thus, magnitude of the magnetic force isFj^IvSsin^CFig* 
9.1) where 0 is the angle between v and B. From this expression, 
we see that F B is zero when v is either parallel or antiparallel to 
B (0=0 or 180°). Furthermore, the force has its maximum value 
F b -\q\vB when v is perpendicular to B (0= 90°)* 


Right Hand Rules for Determining the Direction of 
the Magnetic Force Acting on a Moving Charged 
Particle 

Figure 9.2 reviews to right-hand rules for determining the 
direction of the cross product v x B and determining the 
direction of F B . The rule in Fig. 9.2(a) depends on our right - 
hand rule for the cross product. Point the four fingers of your. 
right hand along the direction of v with the palm facing B and 
curl them toward B . The extended thumb* which is at a right 
angle to the fingers, points in the direction of v x B . Because 

f B =qvX B s F B is in the direction of your thumb if q is positive 
and opposite to the direction of your thumb if q is negative. 

An alternative rule is shown in Fig. 9.2 (b). Here (he thumb 
points in the direction of v and the extended fingers in the 

direction of B. Now, the force F s on a positive charge extends 
outward from your palm. The advantage of this rule is that the 
force on the charge is in the direction that your would push on 
something with your hand-oulward from your palm. The force on 
a negative charge is in the opposite direction. 
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F b B 



(a) (b) 


Fig. 9.2 

There are important differences between electric and magnetic 
forces on charged particles: 

• The electric force is always parallel or antiparallel to the 
direction of the electric field, whereas the magnetic force is 
perpendicular to the magnetic field. 

• The electric force acts on a charged particle independent of 
the particle's velocity, whereas the magnetic force acts on a 
charged particle only when the particle is in motion and the 
force is proportional to the velocity. 

• The electric force does work in displacing a charged particle, 
whereas the magnetic force associated with a constant 
magnetic field does no work when a charged particle is 
displaced. 

This last statement is true because when a charge moves in 
a constant magnetic field, the magnetic force is always 
perpendicular to the displacement. Hence, the work done by the 
magnetic force on the particle is zero. 

From the work-energy theorem , we conclude that the kinetic 
energy of a charged particle cannot be altered by a constant 
magnetic field alone. In other words, when a charge moves with 
a velocity v, an applied magnetic field can alter the direction 
of the velocity vector ; but it cannot change the speed of the 
particle . 


MOTION OF A CHARGED PARTICLE IN A 
MAGNETIC FIELD 

If a charged particle is projected in a magnetic field. It experiences 
a magnetic force. 

F = qvxB or F=qB V L 

i. Consider a charged particle of mass m moving in a uniform 

magnetic field B with an initial velocity vector v perpendicular 
to the field (Fig. 9.3). 



The particle moves in a circular path with constant speed and 
the magnetic force prpvides the centripetal force. The radius 
r of the circular path is 
„2 


mv 

-= qvB 

r 


mv 

or, r- — 
qB 


The angular speed o of the particle is a> - - = — 

■ r . m 

. . „ _ , . „ 2 nr 2nm 

The time period T of the motion is T= -=-- 

v qB 

ii. If a charge particle moves in a uniform magnetic field at some 
arbitrary angle <9with respect to B , then it moves in a helical 
path. 

With perpendicular component of velocity it moves in a 
circular path of radius r = 

qB 


And, with parallel component of velocity it also moves along 
the field lines. The linear distance travelled (along the field line) in 
one revolution (time period) is called pitch (p) (Fig. 9.4). 



(a) A charged particle moves in a uniform 
magnetic field, B y ils velocity ^making an 
angle 0 willi the field direction. 

(b) The parlielc follows a helical path of radius r 
and pitchy. 

Fig. 9.4 


A potential difference of 600 volts is 
applied across the plates of a parallel plate condenser. The 
separation between the plates is 3 mm. An electron projected 
vertically, parallel to the plates, with a velocity of 2 x 10 6 ms -1 
moves undeflected between the plates. Find the magnitude and 
direction of the magnetic field in. the region between the 
condenser plates. (Neglect the edge effects. Charge of the 
electron =-1.6 X 10" 19 C.) (IIXJEE, 1981) 


600 volts 



fig. 9.3 


Fig. 9.5 
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Sol. The force on electron will be towards the left plane due to 
electric field and will be equal to F e = eE . 

For the electron to move undeflected between the plates, there 
should be a force (magnetic) which is equal to the electric force 
and opposite in direction. The force should be directed towards 
the right as the electric force is towards the left. On applying 
Fleming’s left hand rule, we get the magnetic field should be 
directed perpendicular to the plane of paper inwards. Therefore, 



Force due to electric field = Force due to magnetic field 


eE - evB 



v v 

where V= potential difference between the plates, and 
d = distance between the plates 

600/3 xlO“ 3 600 

^ _ _ — _ 

2xl0 6 3xi(T 3 x2xi0 6 


=> B= 0.1 tesla 


EQHBES The region between x = 0andjc = Lis filled 
with uniform, steady magnetic field B^k . A particle of mass //*, 

positive charge q and velocity v 0 t travels along 
jr-axis and enters the region of magnetic field. Neglect gravity 
throughout the question. 



Fig. 9.7 

a. Find the value of L if the particle emerges from the region of 
magnetic field with its final velocity at an angle 30° to the 
initial velocity. 

b. Find the final velocity of the particle and the time spent 

by it in the magnetic field, if the field now extends up to 
x + 2.1L. (IIT-JEE, 1999) 

Sol. 

a. As the initial velocity of the particle is perpendicular to the 
field, the particle will move along the arc of a circle as shown 
(Fig. 9.8). 



If r is the radius of the circle, then = qv 0 B 0 

r 

Also, from geometry, L=r sin 30° => r = 2L 


or 


2qB 0 


2. bnv 0 

h In this case, L = -— > r 

2qBu 

Hence, the particle will complete semicircular path and 

emerge from the field with velocity -v 0 /' as shown in the 
figure. Time spent by the particle in the magnetic field 

T- — - nm 
v o qB* 

The speed of the particle does not change due to magnetic field. 


A particle of mass 1 x 10" 26 kg and charge 
+1.6 x 10" 19 C travelling with a velocity 1.28 x 10 fi ms' 1 in the +x - 
direction enters a region in which uniform electric fields and a 
uniform magnetic field of induction# arc present such thatE x 
-E y -0,E z = -102.4 kVm“ l , and B x = B z = 0, B y = 8 x 1 (T 2 . The 
particle enters this region at time t = 0. Determine the location 
(jc,y,Z coordinates) of the particle at / = 5 x 10‘ 6 s. If the electric 
field is switched off at this instant (with the magnetic field 
present), what will be the position of the particle at/=7.45 x 10" 6 s? 

(IIT-JEE, 1982) 

Sol. The Lorentz force on the charged particle is F=q(E+ v + #). 

. The electric force on the charged particle, F £ = qE t which acts 
toward negative e-direction. 

Path of particle 



X} = X\ + R sin 6 

Fig- 9.9 
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The magnetic force on the charged particle, F n - qv x B y 
As velocity of charge is in +*-di recti on and magnetic field is 
along -indirection, from right hand rule the magnetic force acts 
along positive 2 -direction. 

The resultant force, F E + F n = q (E z + v x B^ = q [-102.4 X 10 3 

+ 1.28x J0 6 x8x 10 -2 ] — 0 

During time / = 0 to = 5 x 10” 5 , ihc resultant force on the 
particle is zero, it moves with uniform velocity v r The position of 
the particle (X x , Y\.Z { ) after time t { is 

X,= ^/, = (1.28x 10 6 )x(5x 10” ft ) = 6.4m 
When electric field is switched off, the particle circulates i nxz- 
plane under the influence of magnetic field. 

Radius R of circulation is 

„ mv t I O' 26 x l.28x I0 6 

R= -- =- 7-: -r - = lltl 

qB y 1.6x10” 9 x8xl0 -2 

Let the particle rotate by an angle 6 = co(t 2 -t The arc length 
P X P 2 = 2 R 6- v x (t 2 - / 1 ), as the particle circulates for 
l 2 - /, = (7.45-5)x 10^=2.45 X 10” 6 s 

„ v A (t 2 - /,) _ (1.28 x 10 6 ) x (2.45 x 1 O ' 6 ) 

U — - — - 

R l 

= 3.316^ ;rradian 
The coordinates of the particle are 

X 2 - X x +R sin 0~X ] +7? sin k- X\ = 6.4 m 
and Zj= i?-/?cos 0~R-R cos 7l=2R = 2 m 
Note that 0 = ^implies that t 2 = T! 2, where T is time period of 
circulation. We could have written the result directly. 

A particle of mass m and charge q is 
projected into a region having a perpendicular uniform magnetic 
field B of width d. Find the angle of deviation 0of the particle as 
it comes out of the magnetic field. 


Sol. The radius of the circular orbit is r = — 

qB 



Fig. 9.10 

The deviation 0may be obtained from the Fig. 9.10 as 


sin 6- 


d 

v 


dBq 

mv 


or 


6 - sin -1 



Note: 

In the above illustration ^ 

ftl v 

(i) if d were slightly less than —, then the particle leaves 

qB 

the magnetic field at BJust before it is able to turn back. 
Hence the angle of deviation is 90 °. 

m v 

(ii) If d were slightly greater than —, then the particle 

qB 

turns around and completes a semicircle . When it leaves 
the magnetic field its angle of deviation is 180°. 


A charged particle of mass m and charge q 
is accelerated through a potential difference of V volts. It enters 
a region of uniform magnetic field which is directed 
perpendicular to the direction of motion of the par 
tide. Find the radius of circular path moved by the particle in 
magnetic field. 

Sol. Since the particle is accelerated through V volts, therefore its 
kinetic energy will be equal to qV. 


or - inv 2 = q V. Therefore, v = 



mv 

Radius of circular path is given by R = — . Therefore, 



WllilHH— A particle of mass m and charge +q enters 
a region of magnetic field with a uniform velocity v , as shown in 
Fig. 9.11. 



© 

© 

© 

© 


Fig. 9.11 

a. Find the angle subtended by the circular arc described by it 
in the magnetic field. 

h. How long does the particle stay inside the magnetic field? 

c. If the particle enters at£, what is the intercept £F? 

(I1T- JEE, 1984) 
Sol. 

sl The particle circulates under the influence of magnetic field. As 
the magnetic field is uniform, the charge comes out 
symmetrically. The angle subtended at the center is (180 - 20). 

h The length of the arc traced by the particle, t - R(In- 0) 

. L r . ,, £ R(2w-&) 

Time spent in the field, t = - =-and 

v 


v 
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„ mv ... . m 

R = — which gives i = — (271- 0) 

Bq 5 Bq K J 

As time period: T - , hence t = (2 n- 6) 

Bq 2n 



c. 


We can generalise this result. If 0is the angle subtended by 
the arc traced by the charged particle in the magnetic field, 

. J A >i 

the time spent is / = T\ — 

Intercept EF = 2 R cos $ 


Illustration 9.7 


A beam of protons with a velocity 4.0 x 


10 s ms" 1 , enters a uniform magnetic field of 0.3 tesla at an angle 
of 60° to the magnetic field. Find the radius of the helical path 
taken by the proton beam. Also, find the pitch of the helix (which 
is the distance travelled by a proton in the beam parallel to the 
magnetic field during one period of rotation). 


(DT-JEE, 1986) 


Sol. a. The radius of helical path r - —^=- 

Bq 

b r _ wvsin 9 (1.67 x 1(T 27 )(4x 10 5 )(sin 60°) 
Bq ~ (0.3)(i.6xl0~ 19 ) 

= 1.2x 10~ 2 m 

Pitch of helical path/? = v> M T 


v.r 



P = 



(vcos $) 


(2^)(1.67 Xl0~ 27 )(4xl0 5 )(cos60°) 
(0.3)(1.6xl0 -19 ) 


=4.37 x l0" 2 m 


■iincmriMM An electron gun G emits electrons of 
energy 2 kcV travelling in the positive jc-direction. The 
electrons are required to hit the spot S where GS = 0.1 m, and file 
line GS make an angle of 60° with the x -axis as shown in Fig. 
9.14. A uniform magnetic field B parallel to GS exists in the 
region outside the electron gun. Find the minimum value otB 
needed to make the electrons hit S. (ITT-JEE^ 1993) 



Sol. Kinetic energy of electron, K= ~ mv 2 - 2 keV 

„ J * , . {2K |2x2xi:6xl0- 16 

Speed of electron, v = J —= .---ms 

V m V 9.IX10 -31 

= 2.65 X 10 7 ms -1 

Since the velocity (v) of the electron makes an angle of 

$= 60° with the magnetic field B , the path will be a helix. 

So, the particle will hit S if GS = np\ Here, n ~ 1,2,3,... 

, , 2 Km 

p = pitch of helix =-vcos# 



But for B to be minimum, n = I 

^ 2 Km „ n 

Hence, GS = p =-v cos 0 B - - 

qB 

Substituting the values, we have 


Inmvcosd 

q(GS) 


(2^)(9.1x10“ 3i )(2.65x10 


^min 




(1.6x10 _19 )(0. 1) 


orR nin =4.73xlO“ 3 T 


EESMEM A slightly divergent beam of charged 
particles accelerated by a RD. V propagates from a point A 
along the axis of a solenoid. The beam is brought into focus at 
a distance Z from the point A^at two successive values of 
magnetic induction B Y and B 2 . Find the specific charge q/m of 
the particles. (IIT-JEE, 2007) 

Sol. Let us first calculate the velocity of the particles from the 
energy equation, 
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1 2 v W* 

-m\r=vq v = /—~ 

2 V m 

Since the charged particles are slightly divergent, they will 
follow a helical path. Lei 6 be the small angle made by a panicle 
with B. 

i'll — vcos 0and v L -\r sin 6 


Then, 


F c = centripetal force = qv ± B = 


mv\ 


qB = —- 
R 


qB- 


ma)R 


qB „ 2nm 

(O- — => 7= -- 

m qB 


/. p (pilch of the particle) = V|,x T = v cos 0x 


2;zvih 
4 # qB 

Particles are focussed if / contains integral number of pitches. 

/= np => p ~ £hi = f/2, £/3,... 

/. For two consecutive iocussings, 

£ _ 2^»iv 
2 ~ ~ 


2%mv 

t-p- - and 


or 




or /^ = 

4 

or — = 

m 


qB , 

27tmv 

~V 

8 r?y 


and 


77? — 


or, Bn — B\ — 


qB 2 

Amnv 

qt 

2ttm llVq 
qt V m 



A beam of charged particle, having kinetic 


energy I0 3 eV, contains masses 8 x lO' 27 kg and 1.6 x 10" 26 kg 


emerge from the end of an accelerator tube. There is a plate at 
distance HT 2 m from the end of the tube and placed perpendicular 
to the beam. Calculate the magnitude of the smallest magnetic 
field which can prevent the beam from striking the plate. 


Sol. Let B be required magnetic field and E k the kinetic energy. 
Maximum radius of circular path for the beam noL to strike the 
plane 

tnv ^2 mE k 
f ~ qB “ qB 

For maximum radius, mass should be maximum and magnetic 
field should be minimum, i.e., 

V 2 ” W g* 






Beam _ x x x 

) p » >- Beam 

X xX v X 

-V 

X x x\ 

1 0~ 2 m 

x x y 

/ 

X 


Plate 


Fig. 9.16 

Given ; in4x I0' 2 m, rn max = 1.6 x lO -26 kg 
q-e = 1.6 X 10“ 19 C (assume) 
£ k = lO^eV = 10 3 x 1.6x 10‘ 19 J 


^xl^xKT^xgO^xUxlQ-' 9 ) 

].6xl0' 19 xlO~ 2 


1.6>/2 x )0~ 21 
1.6x1 O’ 21 


= n/2T=1.4J4T 


PATH OF A CHARGED PARTICLE IN BOTH 
ELECTRIC AND MAGNETIC FIELDS 

. . / 

Here, normally two cases are popular. In the first case, E II B and 
particle velocity is perpendicular to both of these fields. In the 

second case, E LB and the particle is released from rest. From 
IIT-JEE point of view, first case is useful. Here we will discuss 
case l. 


Case J; When E II B and particle velocity is perpendicular 
to both of these fields. 

Consider a particle of charge q and mass m released from the 
origin with velocity v = vj into a region of uniform elecirib and 

magnetic fields parallel to y-axis, i.e. y E- E^j and B-B^j. 
The electric field accelerates the particle in y-direction, be., y 
component of velocity goes on increasing with acceleration, 

. - F * - F e 
y m m m 

The magnetic field rotates the particle in a circle in x-z plane 
(perpendicular to magnetic field). The resultant path of the particle 
is a helix with increasing pitch. The axis of the plane is parallel to 
y-axis. Velocity of the particle at time t would be, 

v(0= vj + v y j +v z k 

Here , v v = at = 

7 m 

^ j o 

and vj + v t = constant = v 0 ; 0= cot ——/ 


v x = v Q cos 6 - v 0 cos 



and 

































9.8 Physics for IITOEE: ELectridty and Magnetism 


\> z = v 0 sin 0 = v o sin| 

SSL] 

K m J 

1 

ii 

o 

o 

ir> 

\ m ) 

i + 

(q£ o 
l m 


l s+v « sl "Br) 

1 * 



Fig. 9.17 

Similarly, position vector of particle at time t can be given by, 
?{t) = xi+ yj + zk 


Here, 


1 2 If qEo 

y= w =-' 


2 ^ m 
mv n ^ 


x= r sin 0~, 

Bq 

z - r (1 - cos 6) = 

"V 




and 


/ \ 
mvo 

, Bq , 


-«(“)}] 


F(0 = |^. 






Illustratjon9.Il 


A particle of mass m and charge q is 


released from the origin in a region occupied by electric field E 
and magnetic field B, B = -Z? 0 j\ E = E Q j. 

Find the speed of the particle as a function of the 
x-coordlnate. 


Sol.Since the magnetic Field does not perform any work, therefore 
whatever has been the gain in kinetic energy it is only because of 
the work done by electric field. Applying work-energy theorem, 


W E - AK 
1 2 

qEx- —mv -0 or 



j^JSSISIiSS e ^ ec ^ ron accelerated through a 


potential difference of 2.5 kV, moves horizontally into a region of 
space in which there is a downward directed uniform electric 
field of magnitude 10 kV m" *. 


a. In what direction must a magnetic field be applied so that the 
electron moves undeflected? Ignore the gravitational force. 
What is the magnitude of the smallest magnetic field 
possible in this case? 


h What happens if the charge is a proton that passes through 
the same combination of fields? 


Sol. The Lorentz force experienced by the electron is 


F- -e(E+ vxB\ 


1 - evx 3\ = evB 




K (a) (b) 

Fig. 9.18 

where E is the electric field, B is the magnetic Field and v is the 
velocity of electron. The magnitude of magnetic force is evB sin $ t 
where 6 is the angle between the velocity and the field. The total 
force vanishes, hence 

B=Eiv Bin 6 (i) 


The magnetic field is to be smallest, therefore 6= 90°. Thus, 
B = Elv. 

Fig. 9.18(a) shows forces on an electron. In case of proton, 
both electric and magnetic forces reverse direction, but they still 
cancel; see Fig. 9.18(b). 

Kinetic energy of electron = eV~ 2.5 keV 


v> = 


jlK |2(2.5x10 3 )(1.60x10~ 19 ) 
V m V 9.llxI0 -31 


= 2.96xl0 ? ms -1 



IQxIO 3 
2.96 Xl0 7 


=3.37x 10' 4 J 


Concept Application. EWcise 9.1 


1. A charged particle of mass 5 mg and charge q = +2 |iC has 
velocity v = 2i -3 j + 4/:. Find out the magnetic force on 
the charged particle and its acceleration at this instant due 

to magnetic field B = 3j-2k. v and B are in ms” 1 and 
WbirT 2 , respectively. 

2. A charged particle has acceleration 3 = 2/+*/ in a 
magnetic Field B = -3? + 2 j - 4k. Find the value of x, 

3. A positive charge particle of charge q } mass m enters into 
a uniform magnetic field with velocity v as shown in 
Fig. 9.19. There is no magnetic Field to the left of PQ. 



m 


Fie. 9.19 
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Find (i) time spent, (ii) distance travelled in the magnetic 
Field, (iii) impulse of magnetic force. 

4. Repeal above Quest ion 3, if the charge is -ve and the angle 

made by the boundary with the velocity is —. 

6 

5, A uniform magnetic field of strength * B y exists in a region of 
width l d\ A particle of charge V and mass ‘m 1 is shot 
perpendicularly (as shown in Fig. 9.20) into the magnetic 
Field. Find the time speed n by the particle in the magnetic 
field if 


. , mu 

\a d> — 

qB 


8 = o: 


„ r mu 
n. d< — 
QB 


5 = 0 


9, 


-*u 



Fig. 9.20 

6. In Fig. 9.2 F what should be the speed of the charged 
particle so that it cannot collide with the upper wall? Also, 
Find the coordinates of the point where the particle strikes 
the lower plate in the limiting case of velocity. 

a y 



wall 


X ?,/M 
<S>B 4 

d 

X X 

k 

d 

* (0,0)1 

hi ^ 



Fig. 9.21 


7. A charged particle enters into a region which offers a 
resistance against its motion and a uniform magnetic field 
exists in the region. The particle traces a spiral path as 
shown in Fig. 9.22. State the following statements as True 
and False. 



i. Component of magnetic field in the plane of spiral is 

zero. 

Ii. Particle enters the region at Q, 

ML If magnetic field is outwards, then the particle is 

positively charged. 

iv. If magnetic field is outwards, then the particle is 

negatively charged. 

8. An electron moves in a uniform magnetic field and follows 
a spiral path as shown in Fig. 9.23. State the following 
statements as True and False. 



i. Angular velocity of the electron remains constant. 

H. Magnitude of veloeily of the electron decreases 
continuously. 

Mi. Net force on the particle is always perpendicular to its 
direction of motion. 

iv. Magnitude of net force on the electron decreases 
continuously. 

9. A charged particle moves in a gravity free space where an 
electric field of strength E and a magnetic Field of induction 
B exist. State the following statements as True and False, 

a. If E ^ 0 and B* 0, velocity of the panicle may remain 
constant. 

h If £ = 0, the particle cannot trace a circular path, 
c. If£=0, kinetic energy of the particle remains constant. 

10. A particle wiih charge +q and mass ;>j, moving under the 

influence of a uniform electric field Fj and a uniform 
magnetic field Bk „ follows a trajectory from P to Q as shown 
(Fig. 9.24). The velocities at P and Q are vf and -2 vj. 



L Value of electric field is_ 

ii. The rate of work done by the electric Field at P is.._. 

ML The rate of work done by both the fields at Q is_ 

11. A particle with charge -5.60 nC is moving in a uniform 
magne\ic field B - -(1.25T)A, The magnetic force on the 
particle is measured to be 

F = -(3.40 x l0‘ 7 8 N)f + (7.40x 10“ 7 N) j. 

a. Calculate all components of velocity of the particle that 
you can from this information. 

b. Are there components of the velocity that are not 
determined by the measurement of the force? Explain. 

c. Calculate the scalar product v-F. What is the angle 
between v and F? 

12. A particle with charge 7.80 |iG is moving with velocity 
v =-(3.80x10 3 * * * ms' 1 ) j. The magnetic force on the particle 
is measured to be F ~ +f7.60xl0~ 3 NV-f5.20xl0~ 3 N)A. 
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a. Calculate all the components of the magnetic field you 
can from this information. 

h Are there components of the magnetic field that are not 
determined by measurement of the force ? Explain. 

c. Calculate the scalar product B-F. What is the angle 
between B and FI 

13. A particle with charge 6.40 x I0“ 19 C travels in a circular 
orbit with radius 4*68 mm due to the force exerted on it by a 
magnetic field with magnitude 1.65 T and perpendicular to 
the orbit. 

a. What is the magnitude of the linear momentum P of the 
particle? 

h What is the magnitude of the angular momentum Zof 
the particle? 

14. Fig. 9.25 shows the trace of the path of a charged particle in 
a bubble chamber. Assume that the magnetic Held is into 
the plane of the paper, with magnitude 0.4 T. The smooth 
spiral path occurs because the particle loses energy in 
ionizing molecules along the path. 





Fig. 9.25 

a Which part of the path corresponds to higher kinetic 
energy for the particle ? 
h Is the charge positive or negative ? 
c. The radius of curvature ranges from 70 to 10 mm. What 
is the range of values of the magnitude of momentum if 
the magnitude of the charge is e ? 

15. A particle of mass m and charge q is accelerated by a 
potential difference V voit and made to enter a magnetic 
field region at an angle $ with the field. At the same moment, 
another particle of same mass and charge is projected in 
the direction of the field from the same point. Magnetic 
field induction is B. What would be the speed of second 
particle so that both particles meet again and again after 
regular interval of time, which should be minimum? Also, 
find the time interval after which they meet and the distance 
travelled by the second particle during that interval. 

16. A beam of equally charged particles after being accelerated 
through a voltage V enters into a magnetic field as 
shown in Fig. 9.26. It is found that all the particles hit the 
plate between C and D. Find the ratio between the masses 
of the heaviest and lightest particles of the beam. 



17. A proton and an alpha particle are projected in a magnetic 
field which exists in the width of region d . Compare the 
angles of deviation suffered by the proton and the alpha 
particle if before entering the magnetic field both the 
particles 



a. have the same momentum, 

h have the same kinetic energy, and 

c. are accelerated through the same potential difference. 

Take m a =4m p , 

18. A beam of singly ionized atoms of carbon (each charge +e) 
all have the same speed and enter a mass spectrometer, as 
shown in Fig. 9.28. The ions strike the photographic plate 
in two different locations 5.00 cm apart. The l2 C 6 isotope 
traces a path of smaller radius, 15.0 cm. What is the atomic 
mass number of other isotope? 





19. A charge q = -4 pC has an instantaneous velocity v 
= (2i -3;+ Z)x 10 6 ms -1 In a uniform magnetic field B 
- (2i + 5j-3£)xlO -2 T. What is the force on the charge? 

20. When a proton has a velocity v = (2/ +3j) x 10 G ms \ it 
experiences a force F = -(1.28x 10” 13 Z) N. When its 
velocity is along thez-axis, it experiences a force along the 
jt-axis. What is the magnetic field? 

21. The force on a charged particle moving in a magnetic field, 
can be computed as the vector sum of the force due to each 
separate component of the magnetic field. As an example, a 
particle with charge q is moving with speed v in the -y 
direction. It is moving in a uniform magnetic field 
B — BJ + By j 4 - B z k. 
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a. What are the components of the force F exerted on the 
particle by the magnetic field? 
h If# >0, what must the signs of the components of B be 
if the components F are all non-negative? 
c. If q < 0 and B x = B y ~ B z > 0, find the direction and 
magnitude of F in terms of I q I, v and B x . 

22. A particle of charge q > 0 is moving at speed v in the +z 
direction through a region of uniform magnetic field. The 
magnetic force on the particle F = F 0 (3 1 + 40, where F 0 is 
a positive constant. 

a. Determine the components B x > B y and B z or at least as 
many of the three components as is possible from the 
information given. 

h If it is given in addition that the magnetic field has 
magnitude 6F 0 i qv , determine the magnitude of B z . 

23. Protons having a kinetic energy of 5.00 MeV are moving 
in the positive jc-direction and enter a magnetic field 

B = 0.0500 k T directed out of the plane of the page and 
extending from* = 0 to* = 1.00 m, as shown in Fig. 9.29. 
a Calculate the y-component of the protons’ momentum 
as they leave the magnetic field, 
h Find the angle <f> between the initial velocity vector of 
the proton beam and the velocity vector after the beam 
emerges from the field. Ignore relativistic effects and 
note that leV = 1.60 x 10 -I9 J, 



Fig. 9.29 

24. Electrons in a beam are accelerated from rest through a 
potential difference AV. The beam enters an experimental 
chamber through a small hole. As shown in Fig. 9.30, the 
electron velocity vector lie within a narrow cone of half 
angle (p oriented along the beam axis. We wish to use a 
uniform magnetic field directed parallel to the axis to focus 
the beam, so that all of the electrons can pass through a 
small exit port on the opposite side of the chamber after 
they travel the length d of the chamber. What is the 
required magnitude of the magnetic field? 


Port 



Av 



Entcranee 
" port 


Fig. 9.30 


FORCE ON A CURRENT CARRYING WIRE 

Fig. 9.31 shows a straight segment of a conducting wire, with 
length t and cross-sectional area A; the current is from bottom to 
top. The wire is In a uniform magnetic field B, perpendicular to 
the plane of the diagram and directed into the plane. Let us 
assume first that the moving charges are positive. 


X 

X 
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Forces on a moving positive 
charge in u current carrying 
conductor. 


Fig. 9.31 


The drift velocity \> d is upward, perpendicular to B. The 
average force on each charge is F = qv d x directed to the left 

as shown in the figure; since v (I and B are perpendicular, the 
magnitude of the force is F = qv d B. 



A straight wire segment of length C carries a 
current I in the direction of i . The magnetic 
force on this segment is perpendicular to both 
Tand the magnetic field 


Fig. 9.32 

We can derive an expression for the total force on all the 
moving charges in a length t of a conductor with cross-sectional 
area A. The number of charges per unit volume is n\ a segment of 
conductor with length t has volume A t and contains a number of 

charges equal to nAL The total force F on all the moving charges 
in this segment has magnitude 

F= (nM) (qvfl) = (nqv^)(£B) ' (I) 

The current density is J - nqv d . The product JA is the total 
current /, so we can rewrite (i) as, 

F= UB \ (ji) 

If the field B is not perpendicular to the wire but makes an 
angle 0 with it, we handle the situation the same way we did for a 
single charge. Only the component of B perpendicular to the 
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wire (and to the drift velocities of the charges) exerts a force; this 
component is B L - b sin The magnetic force on the wire 
segment is then 

F= I?B ± = nBsm<t> (iii) 

The force is always perpendicular to both the conductor and 
the field, with the direction determined by the same right hand 
rule we used for a moving positive charge (as shown in Fig. 9.32). 
Hence, this force can be expressed as a vector product, just like 
the force on a single moving charge. We represent the segment of 

wire with a vector t along the wire in the direction of the current; 
then the force F on this segment is 

F = I i x B (magnetic force on a straight wire segment) (iv) 

If the conductor is not straight, we can divide it into 
infinitesimal segments dL The force dF on each segment is 

dF -11 x B (magnetic forceon an infinitesimal wire section) 

‘ (v) 




(a) Magnetic field 5, length C and force F vectors for a siraiglit wire 
carrying a current 7. 

(b) Reversing B reverses F t 

(c) Also reversing the current reverses f. and returns F to the same 
directions as in (a) 

Fig. 9.33 

Direction of Force on a Current Carrying Wire in 
Magnetic Field 

Left Hand Rule 

If the thumb and first two fingers of the left hand are held each at 
right angles to the other, with the first finger pointing in the 
direction of the field and the second finger in the direction of the 
current, then the thumb predicts the direction of the thrust or 
force. 


c!F dF 



Right Hand Palm Rule 

Stretch the fingers and thumb of right hand at right angles to each 
other. Then if the fingers point in the direction of field B and 
thumb in the direction of current /, the normal to palm will point 
in the direction of force (or motion). 

Regarding the force on a current carrying conductor in a 
magnetic field it is worth mentioning that; 

As the force B1 dL sin q is not a function of position r, the 
magnetic force on a current element is non-central [a central force 
is of the form F = Kf{r) Fi r ] 

The force dF is always perpendicular to both B and I dL 

though B and I dL may or may not be perpendicular to each 
other. 

• In case of current carrying conductor in a magnetic field if 
the field is uniform, Lc., B “ constant, 

F = J ldLxB = l[\ dL]xB. 

For a conductor, jdL represents the veetpr sum of alFthc. 

i length elements from initial to final point, which in ■ 
'accordance with the law of vector addition is equal to the 
i length vector L joining'initial to final point. So, a current 
1 carrying conductorof any arbitrary shape in a uniform field 
experiences a force ' 


F = i\_\di)xB = fLx~B 


X X X 



xxx 



Fig. 9.35 

where L is the length vector joining initial and final points 
of the conductor as shown in Fig. 9.35. 
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If the current carrying conductor in the form of a loop of 
any arbitrary shape is placed in a uniform field, 

F = j>fdLxD = I[julL]xB. 

For a dosed loop, the vector sum of dL is always zero. 

So, F=Q [as j>dL = 0) 

j.c.> the net magnetic force on a current loop in a uniform 
magnetic field is always zero as shown in Fig. 9.36. 



Fig. 9.36 

• A current carrying loop in a uniform magnetic field 

Here, it must be kept in mind that in this situation different 
parts of the loop may experience elemental force due to 
which the loop may be under tension or may experience a 
torque as shown in Fig. 9.37. 
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Fig. 9.37 

• If a current carrying conductor is situated in a non-uniform 
field. Its different elements will experience different forces; 
so in this situation, F R = 0 but f may or may not be zero. If 
the conductor is free to move, it translates with or without 
rotation as shown in Fig. 9.38. 



T — 0 


Loop in the field of 
current currying wire 


AB 



A current carrying rod . 

in the field of wire 
AB 

Fig. 9.38 

Force Between Two Infinite Parallel Current 
Carrying Wires 

Let two infinite parallel wires carrying currents I and I' are 
separated by a distance r(Fig. 9.39). 



(a) 



Fig. 9.39 

Mc\l 

If we take an arbitrary point on the second wire, B 2 \ =- 

* 2 nr 

_ >21 _ A 11 ' 


and F u = l'(IxB 2l ) => F u = => -&- = 


2jct 
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By symmetry, (Force per unit length on the first 

/, 2)r r 

wire, due to second wire) 

Note: 

y * J wf 

Force per unit length = —-. We note that the wires 

2nr 

carrying current in the same direction attract 


Hence, instantaneous force acting on the charged particle, 
released at 0 


msssmsm A circular loop of radius R is beat along a 
diameter and given a shape as shown in Fig* 9.40* One of the 
semicircles (KNM) lies in the x-z plane and the other one ( KLM) 
in they^z plane with their centers at the origin. Current/is 
flowing.through each of the semicircles as shown in the figure. 



Fig* 9.40 

a. A particle of charge q is released at the origin with a velocity 
v=-v 0 j . Find the instantaneous forcc/on the particle. 
Assume that space is gravity free, 
h If an external uniform magnetic field B j is applied, 
determine the forces /j and f 2 on the semicircles KLM and 
KNM due to this field and the net force/ 7 on the loop. 

(I1T-JEE, 2006) 

Sol. R = Radius of circular loop. Given that semicircle KNM lies in 
the x-z plane while the semicircle KLM lies in the y-z plane. 
Both the semicircles have their centers located at the origin, 
a. Charge on the particle released at the origin = q 

Velocity of the particle, v = v 0 i 

Magnetic field at center O due to current carrying loop KLM 
lying in y-z plane 
uM 

B { = (-/'). The direction of B x will be along -ve.r-axis. 

Similarly, magnetic field at center O due to current carrying 

loop KNM lying in x-z plane, B 2 

4 R 

Thus, the two fields at O are mutually perpendicular in vector 
form. Total field at O can be expressed as 

V, 


B - -i'jS, + jB 1 = (-/ + j ) 
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Fig. 9.42 

47? L V 4R 

F - !(2R)(-k)xB(j)~=2RIBi 

h External uniform magnetic field B cxi = Bj 

As semicircular wires are placed in uniform magnetic field, these 
loops can be reduced to straight wires each of length 2R placed 
along z-axis (by joining initial point K and final point M). 

Force F x on semicircular loop KLM lying iny-zplane: 1 

Force on a current clement Id£ in a field B is given by 

dF = l(dIx §) 

The force on a current carrying conductor in a uniform field 
will be F = \l(dl x 6) = /[J <//] x £ = l[KM x b] 

Hence net force due to both the wires 
- F^=2F = 4RIBi 

Two long parallel wires carry currents of 
equal magnitude but in opposite directions. These wires are 
suspended from rod PQ by four chords of same length L as shown 
in Fig. 9.43. The mass per unit length of the wires is A. 
Determine the value of 0 assuming it to be small. 



Fig. 9*43 

Sol. The force per unit length between current carrying parallel 

dF /4)A^2 
wires is — = -- 1 1 
dL 2nd 

If two wires carry current in opposite directions the magnetic 
force is repulsive, due to which the parallel wires in Fig, 9.43 have 
moved out so that equilibrium is reached. 

Fig. 9.44 shows freebody diagram of each wire. In equilibrium, 


Fig. 9.41 
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B = 



2/y x 

InR R 


q[ x 

n (a 2 +X 1 ) 


The force dF acting on the current element is 


dF = / (dl X B) 


dF= [•■• sin 90° = 1] 

n a 2 + x 2 

Hence, net force on wire OC, F = jdF 


Fig. 9.44 


LF y = 0.2 T cos 0= (AZ, 0 )g (i) 

£F., = 0,2Tsin<9=F fl (ii) 


Now, dividing equation (ii) by (i), we gel tan 0~ 


ALoS 


The magnetic force F w 


dL) ^ 4/rsin^ 


(iii) 


Civ) 


For small 6, tan 6~ sin 6~ 0 

On substituting equation (iv) in (iii), we get 8= / 


Ao 


AitXgL 



A straight segment OC (of length L meter) 


of a circuit carrying a current/amp is placed along the x-axis. 
Two infinitely long straight wires A and 2J, each extending from 
z = -<*> to are fixed at y - -a meter and y = +a meter, 
respectively, as shown in Fig. 945. If the wires A and B each 
carry a current / amp into the plane of the paper, obtain the 
expression for the force acting on segment OC . What will be the 
force on OC if the current in the wire B is reversed? 


(IIT-JEE, 1992) 



Sol. Let us take an element of thickness dx at a distance jc from 
origin on the wire OC, Magnetic field B A produced at P (x,0*0) due 
to wires placed at A and B arc 

B a = B b = ju 0 I/2nR 

Components of B A and B u along x-axis cancel, while those 
along y-axis add up to give total field, 


x^ = /V!. ln aUz? 
la 2 +x 2 2,71 a 2 



Fig. 946 

If the current in B is reversed, the magnetic field due to the two 
wires would be only along ^-direction and the force on the current 
carrying wire along x-direction will be zero. 


--Concept Application Exercise 9.2 - 

1. Two long wires, carrying currents /, and are placed 
perpendicular to each other in such a way that they just 
avoid a contact. Find the magnetic force on a small length. 
dl of the second wire situated at a distance X from the first 
wire. 


IJJL 



-A-1 

Fig. 947 


2. A wire is bent in the form of an equilateral triangle PQR of 
side 10 cm and carries a current of 5.0 A. It is placed in a 
magnetic field B of magnitude 2,0 T directed perpendicularly 
to the plane of the loop. Find the forces on the three sides 
of the triangle. 
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X X X X X X 



Fig. 9.48 

3. Fig. 9.49 shows two long metal rails placed horizontally and 
parallel to each other at a separation I. A uniform magnetic 
fields exists in the vertically downward direction. A wire of 
mass nt can slide on the rails. The rails are connected to a 
constant current source which drives a current i in the 
circuit. The friction coefficient between the rails and the 
wire is fj. 

a What should be the minimum value of /i which can 
prevent the wire from sliding on the rails? 
h Describe the motion of the wire i f t he val ue of M is half 
the value found in the previous part. 


x x 


rm 


X X X X 


X X X X 


X X X X 


Fig* 9-49 

4. In Fig. 9.50, a semicircular wire is placed in a uniform field 
B directed toward right. Find the resultant magnetic forc^ ^ 
and torque on it. 



5. In Fig. 9.51, find the resultant magnetic force and torque 
about ‘C\ and l P\ 



6. Find the magnetic force on the loop l PQRS' due to the loop wire. 

g< ° y 

LU 




Fig. 9.52 


7. A straight wire of mass 200 g and length 1.5 m carries a 
current of 2 A. It is suspended in mid-air by a uniform 
horizontal magnetic field B. What is the magnitude of the 
magnetic field? 



Horizontal plane 


8. Calculate the force on a current carrying wire in a uniform 
magnetic Field as shown in Fig. 9.54. 



9. The horizontal component of the earth's magnetic Field at a 
certain place is 3 x 10" 5 T and the direction of the field is 
from the geographic south to the geographic north. A very 
long straight conductor is carrying a steady current of 1 A. 
What is the force per unit length on it when it is placed on 
a horizontal table and the direction of the current is 
a. east to west; hi south to north? 

10. The circuit in Fig. 9.55(a) consists of wires at the top and 
bottom and identical metal springs as the left and right 
sides. The wire at (he bottom has a mass of 10.0 g and is 
5.00 cm long. The springs stretch 0.500 cm under the weight 
of the wire, and the circuit has a total resistance of 12.0 £2, 
When a magnetic field is turned * dir^rf^d out of the 
page, the springs stretch an adt -i^nnJ . .u What is 
Ihe magnitude of the magnetic field? (The upper portion of 
the circuit is Fixed.) 


24.0 V 
—\\— 


5.00 cm 
Fig. 9.55(a) 




11. A long straight conductor carrying is placed in the plane 
of a ribbon carrying current / 2 parallel to the previous one. 
The width of the ribbon is band the straight conductor is at 
a distance a from the near edge. Find the force of attraction 
between the two. 
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b — 



Fig. 9.55(b) 

12. The pie-shaped current loop shown in Fig* 9.56 subtends 
an angle of rad and lies in the xy-plane* The radius 
R - 40.0 cm and the current l = 6.00 A. The uniform magnetic 
field B is parallel to the positive z-axis and has a magnitude 
of0.750 T. 

a Compute Ihe magnetic force (magnitude and direction) 
on the segment ab. 

h Compute the magnetic force on the segment be. 

c. Compute the magnetic force on the segment ca> and 
show that the net force on the current loop is 2 ero. 



Fig. 9.56 

13. A charge Q is uniformly distributed over a ring which is 
rotating with constant angular velocity (O about an axis 
passing through its center and perpendicular to the plane. 
A wire which carries a current / is lying perpendicular to the 
plane of the ring along its axis having one end at its center. 
Find resultant magnetic force on the wire by the ring* 



Fig. 9.57 

14. Each of the lettered points at the corners of the cube as 
shown in Fig. 9.58 represents a positive charge q moving 
with a velocity of magnitude v in the direction indicated. 
The region in the figure is in a uniform magnetic field B> 
parallel to the x-axis and directed toward the right. Copy 
the figure find the magnitude and direction of the force on 
each charge and show the force in your diagram. 


I 



15. A +6.00 jiC point charge is moving at a constant velocity of 
8.00 x 10 6 ms^ in the +y-di motion, relative to a reference 
frame. At the instant-when the point charge is at the origin 
of this reference frame, what is the magnetic field vector it 
produces at the following points: 

a. x=0.500 m, v = 0,z = 0,and 

b. x = 0, y = -0*500 m» z ~ 0. 

16. If magnetic field calculated in Question no. 15 is B 0l then 
calculate the magnetic field at ihc points 

a- x - 0, z = +0.500 m, and 

b. x = 0, y = -0*500 m, z = +0.500 m. 

17. The cube as shown in Fig. 9.59. 75.0 cm on a side, is in a 
uniform magnetic field of 0.860 T parallel to the jr-axts. The 
wire abedef carries o current of 6.58 A in the direction 
indicated. 


y 



a. Determine the magnitude and direction of the force acting 
on the segment ab. 

b. Determine the magnitude and direction of the force 
acting on the segment be. 

c. Determine the magnitude and direction of the force 
acting on the segment cd * 

d. Determine the magnitude and direction of the force 
acting on the segment de. 

e. Determine the magnitude and direction of the force 
acting on the segment ef. 

f. What arc the magnitude and direction of the total force 
on the wire ? 

18, Two long, parallel wires are separated by a distance of 
0.400 m (as shown in Fig. 9.60). The currents and I 2 have 
the directions shown. 


/ ( =5.00 A 


0.400 m 


Fig. 9.60 


7 2 = 2.00A 
- 
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a. Calculate the magnitude of the force exerted by each 
wire on a 1.20 m length of the other. Is the force attractive 
or repulsive? 

h Each current is doubled, so that /1 becomes 10.0 A and 
1 2 becomes 4.00 A. Now, what is the magnitude of the 
force that each wire exerts on a 1.20 m length of the other? 

19. A straight wire lies along a body diagonal of an imaginary 
cube of side a - 20 cm, and carries a current of 5 A (as 
shown in Fig* 9.6])* Find the force on it due to a uniform 

field £ = 0.6 jT. 



20. In Fig. 9.62, the bar AC has amass of 50 g. It slides freely on 
the metal strips 40 cm apart at the edges of the incline. 
A current 7 flows through these strips and the bar, as 
inclined. There is a magnetic field l# x l = 0.02 T directed in 
the -y-direct ion. How long must 7 be if the rod is to remain 
motionless? Neglect the slight overhang of the rod. 



Fig. 9.62 


21. In Fig* 9*63, a three sides frame is pivoted at AC and hangs 
vertically* Its sides are each of the same length and have a 
linear density of 0.10 kg nT 1 . A current of 10.0 A is sent 
through the frame, which is in a uniform magnetic field of 10 
mT directed upward. Through what angle will the frame be 
deflected? 



Fie. 9.63 


22. A rod of mass 0*720 kg and radius 6.00 cm rests on two 
parallel rails that are cl = 12.0 cm apart and L = 45.0 cm long. 
The rod carries a current of / = 48.0 A (in the direction 
shown) and rolls along the rails without slipping* A uniform 
magnetic field of magnitude 0.240 T is directed 
perpendicular to the rod and the rails. If it starts from rest, 
what is the speed of the rod as it leaves the rails. 



Fig. 9.64 

23. Two circular loops are parallel, coaxial, and almost in 
contact, 1.00 mm apart. Each loop is 10.0 cm in radius. The 
top loop carries a qlockwisc current of 140 A. The bottom 
loop carries a counterclockwise current of 140 A. (a) 
Calculate the magnetic force exerted by the bottom loop on 
the top loop, (b) The upper loop has a mass of 0.0210 kg. 
Calculate Us acceleration, assuming that the only forces 
acting on it are the force in part (a) and the gravitational 
force. 



-► 

140 A 


Fig. 9.65 

24. Two long, parallel conductors carry currents in the same 
direction as shown in Fig* 9.66. Conductor A carries a 
current of 150 A and is held firmly in position. Conductor# 
carries a current 1 B and is allowed to slide freely up and 
down (parallel to A) between a set of non-conducting 
guides. If the mass per unit length of conductor B is 0.100 g 
cm -1 , what value of current I B will result in equilibrium when 
the distance between the two conductors is 2.50 cm? 
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25. An infinitely long straight wire carrying a current 7 ( is 
partially surrounded by a loop as shown in Fig. 9.67. The 
loop has a length L, radius R and carries a current 7 ^ The 
axis of the loop coincides with the wire. Calculate the force 
exerted on the loop. 



MAGNETIC DIPOLE AND DIPOLE MOMENT 

1. Magnetic dipole is the magnetic equivalent of electric dipole. 

2. The magnetic field pattern produced by a small current loop 
is similar to a bar magnet. Therefore, it also acts like a 
magnetic dipole. The magnetic moment of a flat current loop 
is defined as the product of the current 7 and the area A 
enclosed by it, i.e., M = 7/4. 

The direction of the magnetic moment coincides with the 
direction of the area vector (which is the direction of the 
magnetic field). 



If the loop contains N number of turns, the magnetic moment 
is given by M - N1A 

■ Sometimes a current carrying loop does not lie in a single 
plane. But by assuming two equal and opposite currents in 
one branch (which obviously makes no change in the given 
circuit) two (or more) closed loops are completed in different 
planes. Now, the net magnetic moment of the given loop is 
the vector sum of individual loops. For example, in Fig. 9.69, six 
sides of a cube of side 7 carry a current / in the directions 
shown. By assuming two equal and opposite currents in wire 
AD y two loops in two different planes ( xy and yz ) are 
completed. 

Mahcda and M adgfa ~ j 

M nc( =-/7 2 (? +k) 



Fig. 9.69 

• Sometimes a non-conducting body is related with some 
angular speed. In this case, the ratio of magnetic moment and 
angular momentum is constant which is equal to ^/ 2 m, where 
</ is the charge and m is the mass of the body. For example, in 
case of a ring of massm, radius/? and charge *7 distributed on 
its circumference, 

Angular momentum, L = Ico= (mR 2 ) (0)) (i) 

Magnetic moment, M ~ iA = (qf) ( nR 2 ) (ii) 

Here, f- frequency = — 



T- 

From equations (i) and (ii), — = 

L 2m 

Although this expression is derived for simple case of a ring, 
it holds good for other bodies also. For example, for a disk or 
a sphere. 

Compute the magnetic dipole moment of 
the loop shown in Fig. 9.71. 


/ 



(b) 

Fig. 9.71 
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Sol* The given loop may be considered as the superposition of 
the two loops, as shown in the figure. 

7tR 2 l 7tR.ll 


The resultant dipole moment is M = - 

M~ — (r? (inwards) 


or 


Loop 1 (bcfgb): Ji x = I 2 1) 

2 ( abgha ): /A = -l 2 Ii 

3 (cdefc): /Z, = l 2 Ii 

The total magnetic moment is /> = //,+ + /1 3 or ii =' l 2 Ij. 


MBMEM A circular loop of wire of radius R is bent 
about its diameter along two mutually perpendicular planes as 
shown in Fig. 9.72. If the loop carries a current /, then determine 
its magnetic moment. 

Sol. The given loop may he obtained by the superposition of two 
semicircular loops as shown in the figure. 



(a) 2 (b) 


Fig. 9.72 

The magnetic moment of the semicircle in the yz plane is along 
the .v-nxis and that in the xz plane is along they-axis. 


AT 


/iR 1 ! 


M = 


jrR~ / 
2 


The total magnetic moment is Af - + 

w 7lR 2 l /. - 

or M= —— (<+;) 


j A non-conducting disk of mass M and 
radius R has a surface charge density and rotates with an 
angular velocity about its axis. Show that magnetic dipole 

( Q V 

moment and angular momentum are related as p ,~ L. 


Sol. The charge is distributed on the surface of the disk. 

Wc consider a differential ring of radius r and thickness dr. 

The charge on the clement is dq = ad A = a{2nrdr) 

The magnetic moment of the ring dp- (dl)A = (df)nr 2 
The current in the differential ring 


= (dq)v = {adA) - {(fin rdr) — = a cord r 

2 7t In 

The magnetic moment of the differential ring,, 
dp = {a cord r) nr 7 = nao)r 2 dr 

p= \dp- J * nacor^dr = ^ nacoR 4 

The magnetic moment vector p is parallel to 3 if it is positive. 

—koR CO 

* 4 

In terms of total charge Q = onR 1 , the magnetic moment is 

M- ^Qi?(o . 

4 


A conductor carries a constant current / 
along the closed path abcdefgka involving 8 of the 12 edges of 
length /. Find the magnetic dipole moment of the closed path. 

Sol, The closed path is n superposition of three loops: bcfgb , 
nbgha and cdefc. 



Fig. 9.73 

The magnetic moments of the three loops are: 


O 



Fig. 9.74 


The angular momentum of disk is 



3 and 



This is a general result for any rigid body of any arbitrary 
shape, with mass M and charge Q. 
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Illustration 9.20 


A sphere of radius R, uniformly charged 


with the surface charge density <r, rotates around the axis 
passing through its center at an angular velocity. Find the 
magnetic induction at the center of the rotating sphere. Also, 
find Its magnetic moment. 


Sol. Charge on the differential circular strip is 
dq = (2 nR sin 6) (Rdfya 
=s> dq-2ncR i sinQdB\ 

dl = = coaR 1 sin BdB 

In 

cb* 



a. Magnetic field at the center is 

jU Q dI (R 2 sin- 0) foCoaRsir? 0d0 
“ B - ^ 2- 

B= Sdd = ,Uq< 1><7R J^sin 5 $d& 

2 a 

==> . B = ~/J^coaR{k) 

h Magnetic moment due to elementary ring, dji - (dl)nr 2 

M=f(dl)nr 2 = 2^ 2 {axyR 2 sin SjnR 1 sin 2 OdB 


- 2nR*axy\* n sir? 0d0 = -n<jR A 
Jo ^ 




Torque on a Current Carrying Planer Loop in a 
Uniform Magnetic Field 



Fig. 9.76 

The force F on the right side of the loop (length a) is to the 
right, in the +jc-direction as shown. On this side, D is 
perpendicular to the current direction and the force on this side 
has magnitude F = laB sin <p (i) 

A force - F with the same magnitude but opposite direction 
acts on the opposite side of the loop, as shown in the figure. 

The lines of action of both forces lie along they-axis. 

The total force on the loop is zero because the forces on 
opposite sides cancel out in pairs. The net force on a current loop 
in a uniform magnetic field is zero. However, the net torque is not 

in general equal to zero. The two forces F and -F lie along 
different lines, and each gives rise to a torque about the y-axis. 
According to the right hand rule for determining the direction of 

torques, the vector torques due to F and-F are both in the +y- 
direction; hence the net vector torque r is in the -f-y-direction as 
well. The magnitude of the net torque is 

t= F(b) sin ( IBa ) (b sin $) (ii) 

The area A of the loop is equal to ab , so we can rewrite 
equation (ii) as 

T— IBA sin (j> 

(magnitude of torque on a current loop) (iii) 
where is the angle between the normal to the loop (the direction 
of the vector area A ) and B. 

The product M is called the magnetic dipole moment or 
magnetic moment of the loop 

M = IA , (iv) 


Fig. 9.76 shows a rectangular loop of wire with side lengths a and 
b. A line perpendicular to the plane of the loop (i.e., a normal to 
the plane) makes an angle <j> with the direction of the magnetic 
field B t and the loop carries a current L 


_* We can express this interaction in terms of the torque vector 

r , which we used for electric-dipole interactions. The magnitude 
—^ / — — 

of r is equal to the magnitude of MxB. So, we have 

t-MxB (vector torque on a current loop) (v) 

When a magnetic dipole changes orientation in a magnetic 
field, the field does work on it. In an infinitesimal angular 
displacement the work dW is given by rdfa and there is a 
corresponding change in potential energy. 

Energy needed to rotate the loop through an angle dB is 

dU= rdB 



B 
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A U~ M?(cos d\ - cos fy) 

If we choose such that at $ x « B 0% U { = 0 

£/= -A/-.S 

This is the energy stored in the loop. 



2 



Fig. 9.77 

Various forces on the sides of ft current carrying loop in a 

uniform magnetic field are: 

a The resultant force is zero; the net torque has magnitude 
r-IAB sin 

b. The torque is maximum when the normal to the loop is 
perpendicular to B. 

c. When the normal to the loop is parallel to B t the torque is 
zero and the equilibrium is stable. If the normal is antiparallel 
to B y the torque is also zero but the equilibrium is unstable. 


Illustratioh9.21 


Ad electron in the ground state of 


hydrogen atom is revolving in anti-clockwise direction in a 
circular orbit of radius R. 
i. Obtain an expression for the orbital magnetic 
dipole moment of the electron, 
il. The atom is placed In a uniform magnetic 
induction B such that the plane-normal to 
the electron-orbit makes an angle of 30° with 
the magnetic induction. Find the torque 
experienced by the orbiting electron. 

(HT-JEE, 1996) 



Sol. 

a- In ground state (n = [) according to Bohr’s 
theory: 


Fig. 9.78 



h 

or v- - 

2 icniR 


Ink 


Now, time period, T : 

i> hi 2/nnR 
Magnetic moment, M-IA 
charge 

where >=---=- 


2 kR AiP'mR 2 


h 

C'h 


\ = 


time period A^mR 2 AjfinR 2 . 
h 

and A-nR 2 


(jzR 2 ) 


eh 


AtfmR 2 


or M = 


eh 

Anm 


Direction of magnetic moment M is perpendicular to tlu 
plane of orbit. 


h r-M x B 


1-rl = A///? sin ft 


where 0 is the angle between M and B 
Given, 6- 30° 


T = 



(B) sin 30° 


ehB 

T=3 - -- 

8 nm 


The direction of r is perpendicular to both M and B. 


A uniform, constant magnetic Held is B 
directed at an angle of45° to thear-axisin the.v-r plane. PQRS k 
a rigid, square wire frame carrying a steady current / D , with its 
center at the origin 0 . At time t = 0, the frame Is at rest in the 
position shown in Fig. 9.79, with its sides parallel to the a - and/- 
axes. Each side of the frame is of mass M and length L . 



a. What is the torque t about O acting on the frame due to the 
magnetic field? 

h Find the angle by which the frame rotates under rite action oi 
this torque in a short interval of time A/, and the axis about 
which this rotation occurs. (At is so short that any variation on 
the torque during this interval may be neglected). Given, moment 
of inertia of the frame about an axis through its center 
perpendicular to its plane Is (4/3) ML 2 . (I IT-JEE, 1998) 


r 



i 

/ 

‘/a 

R 

/ 

/ 

/ 



0 

/ 

/ 

/ 

p 


/ 

Q 


Fig. 9.79 


Sol. 


a. As magnetic field is in x -;'plane and subtends niniiigle of45° 
withx-axis, 

B x - B cos 45° = BlJ2 
and 5 ; = B sin 45°= B/J2 

so, in vector form B = i(b/\I 2^+ 


l 6 Sk = 


and 
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T= MxB-l 0 L 2 kx[fj-i + j-j 
_ I q L 2 B , . 

” -ir xH+1) 


Y 



Fig. 9.80 

Le., torque has magnitude I Q L 2 B and is directed along the line 
QS from Q to S , 

h By the theorem of perpendicular axis, moment of inertia of the 
frame about QS , 


If 4 


Iqs = ^ = 2 3 ML I = ^ 


as t~I a 


T _ I 0 i}Bx3 _ 3 / 0 fl 
/ ~ 2L 2 A/ _ 2M 


As here ais constant, equations of circular motion are valid. 


Hence, from 0= ~ #f 2 , with o^- 0, we have 



if3Ml 
2U M J 


(Al) 2 =-^A/ ! 
4 Af 


A rectangular loop P0PS made from a 
uniform wire has length a, width b and mass m. It is free 
to rotate about the arm PQ , which remains hinged along a 
horizontal line taken as they-axis. Take the vertically up-ward 
direction as the z-axis. A uniform magnetic field 

„ A a 

B = (3i + 4k) £ 0 exists in the region. The loop is held in the 
x-y plane and a current I is passed through it. The loop is now 
released and is found to stay in the horizontal position in 
equilibrium. 

a. What is the direction of the current 7 in PQ? 

: h Find the magnetic force on the arm RS< 
c. Find the expression for I in terms of £ 0 , a , b and m. 

(nT-JEE,2002) 

Sol. 

a Torque due to weight of coil, . 



For the equilibrium of loop, torque on it must be along 

negative y-axis. Let the magnetic moment of loop.be jik . As 
the loop lies in x-y plane, its magnetic moment vector (from 
right hand thumb rule) either points up or down. 



Fig. 9.81 

Torque due to magnetic force, 

t n = jU x B = jUkx(3i +4k)B Q =3pB Q j 

If it is to be in negative direction, M must point downward. 
So, the current in the coil must be from P to Q. 

h Force acting on arm RS = l(l x £) = /[(- b))x (3i +4k)B 0 ] 

= W 0 bOk-4i) 


c. In equilibrium ? gmvily + r u - 0 


Hence, 3 (abI)B 0 ~ 


mga 

2 


or 


/= 


6 B 0 b 


Concept Application Exercise 9.3 


1. A circular coil with area A and N turns is free to rotate about 
a diameter that coincides with the x-axis. Current / is 
circulating in the coil. There is a uniform magnetic field B 
in the positive y-direction. Calculate the magnitude and 
direction of the torque t and the value of the potential 
energy V\ when the coil is oriented as shown in parts.(a) 
through (d) of Fig. 9.82, 





Fig. 9.82 

2. A square loop OABCO of side l carries a current i. It is 
placed as shown in Fig. 9.83. Find the magnetic moment of 
the loop. 
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3. Find the magnetic moment of the current carrying loop 
OABCO shown in Fig. 9.84. Given that i =4.0 A, OA =20 cm and 
AB = 10 cm. 



4. Compute the magnetic dipole moment of the loop shown in 
Fig. 9.85. 



Fig. 9.85 

5. Fig. 9.86 shows a bent coil with all edges of length 1 m and 
carrying a current of l A. 


Y 



Fig. 9.86 

a. Find the magnetic moment of the loop. 
h Find the torque acting on the loop. 

6. An electron is in a circular orbit about the nucleus of an 
atom. Find the ratio between the orbital magnetic dipole 
moment and the angular moment L of the electron 
about the center of its_orbit. 

7. A rod has a total charge Q uniformly distributed along its 
length L If the rod rotates with angular velocity co about its 
end, compute its magnetic moment. 


++++++.++ 

Total charge = Q 

Pivot 

Fig. 9.87 

8. The rectangular coil having 100 turns is turned in a uniform 

magnetic field of (0.05/72 )] tesla as shown in Fig. 9.88. 
Find the torque acting on the loop. 


z 



Fig. 9.88 

9. The square loop in Fig. 9.89 has sides of length 20 cm. It 
has 5 turns and carries a current of 2 A. The normal to the 

loop is at 37° to a uniform field B = 0.5 j T. 



Fig. 9.89 


a. Find the magnetic moment of the loop, 
h Find the torque on the loop. 

c. Find the work needed to rotate the loop from its position 
of minimum energy to the given orientation. 

10. A circular wire loop of radius R> mass m and current / lies 
on a rough surface (as shown in Fig. 9.90). There is a 
horizontal magnetic field 5. How large can the current/be 
before one edge of the loop will lift off the surface? * 


! 



Fig. 9.90 

11. A square 12-turn coil with sides of length 40 cm carries a 
current of 3 A. It lies in the x-y plane as shown (Fig. 9.91) in 
a uniform magnetic field. 
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a Find the magnetic moment of the coil. 
h Find the torque exerted on the -jcoiL 
c. Find the potential energy of the coil. 

12. Fig. 9.92Shows one quarter of a sim ple circular loop of wire 
that carries a current of 14 A. Its radius is a = 5 cm. A 
uniform magnetic field, B = 300 G, is directed in the -in¬ 
direction. Find the torque on the entire loop and the 
direction in which it will rotate. 



13. The circular current loop of radius b shown in Fig. 9.93 is 
mounted rigidly on the axle, midway between the two 
supporting cords. In the absence of an external magnetic 
field, the tensions in the cords are equal and are T 0 . 



Fig. 9.93 


& What will be the tensions in the two cords when the 
vertical magnetic field B is present? 
h Repeat if the field is parallel to the axis. 

14. A rigid circular loop of radius r and mass m lies in ,the xy 
plane on a flat table and has a current I floWing in.it. At 
this particular place, the earth's magnetic field is 
B -Bj^By] .How large must /be before one edge of the 
loop will lift from the table? 

15. A circular loop of wire of radius r lies in the xy plane and 
carries a current 7. Impinging on it is a magnetic field given 
by B = Bj + By ] + B z k . Find the vector torque which acts 
on the coil due to the magnetic field. 


16. A rectangular coil consists of N = 100 closely wrapped 
turns and has dimensions a = 0.400 m and b = 0.300 m, The 
coil is hinged along they-axis and its plane makes an angle 
&= 30.0° with the jc-axis. What is the magnitude of the 
torque exerted on the coil by a uniform magnetic field B = 
0,800 T directed along the jc-axis when the current is 
/= 1,20 A in the direction shown (Fig. 9.94), What is the 
expected direction of rotation of the coil? 



17. A wire is formed into a circle having a diameter of 10.0 cm 
and placed in a uniform magnetic field of 3.00 mT. The wire 
carries a current of 5.00 A, 

Find 

a. the maximum torque on the wire, and 
h the range of potential energies of the wire-field system 
for different orientations of the circle, 


MAGNETIC FIELD DUE TO A MOVING 
CHARGE AND CURRENT CARRYING WIRE 

Magnetic Field of a Moving Charge 

We call the location of the moving charge at a given instant the 
source point and the point P where we want to find the field the 
field point. 

Experiments show that the magnitude of B is also proportional 
to I q I and to 1/r 2 . But the direction of B is not along the line from 
source point to field point. Instead, B is perpendicular to the 
plane containing this line and the particle's velocity vector v as 
shown in Fig. 9.95, Furthermore, the field magnitude B is also 
proportional to the particle’s speed v and to the sine of the angle 
0. Thus the magnetic field magnitude at point P is given by 

B _ n o \q\ vsin^ ^ 

4 7t r 1 

where is a proportionality constant. 
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For these field points, r and v both lie in the 
shaded plane, and B is perpendicular to this 




a. Magnetic field vectors due to a moving positive point charge <7. At 
cnch point, B is perpendicular to the plane of r and v and its 
magnitude is proportional to the sine of the angle between them. 

b. Magnetic field lines in a plane containing a moving positive charge, 
(x) indicates that the charge is moving into the plane of the page. 


Fig. 9.95 


We can incorporate both the magnitude and direction of B into 
a single vector equation using vector product 


5= #> qvxr 
An r 2 


(ii) 


(magnetic field of a point charge with constant velocity) 
A point charge in motion also produces an electric field, with 
field lines that radiate outward from a positive charge. The 
magnetic field lines are completely different. The above 

discussion shows that for a point charge moving with velocity 
—> -> 

v, the magnetic field lines are circles centered on the line of v 

and lying in planes perpendicular to this line. 

As we discussed, the unit of B is one tesla (1 T): 

1 T= 1 Ns (Cm -1 ) = 1 N (AnT 1 ) 

Using this with equation (i) or (ii), we find that the units of the 
constant^ are; 

1 Ns 2 CT 2 = 1 NA " 2 = 1 Wb (Am' 1 ) = 1 T mA " 1 

In S.I. units, the numerical value of ju 0 is exactly 4/rx 10“ 7 . 
Thus, . ... 

jUq= 4/fx 1 O ' 7 Ns 2 CT 2 = 4/rx 1 <T 7 Wb (Am -1 ) 

= 4/rx 10 " 7 TmA -1 (iii) 


• For points lying very far from the particle, the magnetic field 
is zero. 

• The magnetic field due to a stationary particle is zero. As the 
velocity increases, the magnetic field increases. 


• For points lying on a line parallel to v and passing through 
the charge, 6 is zero and hence the magnetic field is zero. 
Hence, there is no magnetic field directly ahead or behind a 
moving charge along its line of motion. 


• For points lying on a plane perpendicular to v, the magnetic 
field is the greatest since Bis 90°. 

• Magnetic field lines are concentric circles centered on the 
line of the velocity v and lying in planes perpendicular to 
this line. 

• The direction of the magnetic field lines is given by the right 
hand rule. Grasp the velocity vector v with the right hand so 
that your right thumb points in the direction of v. Your 
Fingers then curl around the line of v and they point in the 
direction of the magnetic field at that point. 


llUislyaiiob - 


A p oint charge of magnitude q = 4.5 nC is 


moving with speed = x 10 7 ms" 1 parallel to theA>axls along 


the llney n 3m, Find the magnetic field at the origin produced by 
this charge when the charge Is at the point 
x = -4 m,y « 3 m, as shovm in Fig. 9.96. 



Sol. The magnetic field is given by 


]$= A) <? vx; 


An r 
r = (4i - 3 j) m 


2 .with v = W 

> r=\j 4 2 +3 2 m=5m 


—* v Ai — 3/ a a 

Unit vector in the direction of r - — =-- = 0 . 8 / - 0 , 6 ) 

r 5 


(v/) x ( 0 , 8 / -O. 67 ) = - 0.6 vie 

B= A> <7vxP _ A> q(r0-6vk) 

4/r r 2 4/r r 2 

(IQ- 7 V (4 - 5Xl0 ^ )(0 ' 6)(3,6Xl0?) ;r 

(5 2 ) 

= -3.89xlCr l0 Tjfc 

I 

Magnetic Field of a (Current Element 

We begin by calculating! the magnetic field caused by .a short 
segmen t dl of a current carrying conductor, as shown in 
Fig. 9.97(a). The volume! of the segment is A di, where is the 
cross-sectional area of the conductor, If there are n moving 
charged particles per: unit volume, each of charge q, the total 
moving charge dQ in segment is 
dQ= nqAdt. 
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The moving chnrges in this segment are equivalent to a single 
charge dQ, travelling with a velocity equal to the drift velocity v d . 
(Magnetic fields due to the random motions of the charges will, 
on average, cancel out at every point.) From equation (i), the 
magnitude of the resulting field dB at any field point is 


/B = Vo I c!Q I v,i sin $ //p n\q\ 

4 k /' 2 4 n r 2 

But n]q\ v (t A equals the current I in the element. So, 

dB ^ Vo Hi sinl 
4n r 2 


(iv) 




Fig. 9.97 


In vector form, using the unit vector r as in ‘Magnetic Field of 
a Moving Charge', we have 


4ft r 1 

(magnetic field of a current element) (v) 
Equations (iv) and (v) are called the law of Biot and Savart. We 
can use this law to find the total magnetic field B at any point in 
space due to the current in a complete circuit. To do this, we 
integrate equation (v) over all segments eft that cany current 
symbolically. 


- = A, f Jdb<r 
4 i- 2 


(vi) 


As Fig. 9.97(a) shows, the field vectors dB and the magnetic 
field lines of a current element are exactly like those set up by a 
positive charge dQ moving in the direction of the drift velocity 
v l{ . The field lines are circles in planes perpendicular to dl and 
centered on the line of dl . Their directions are given by the same 
right hand rule that we introduced for point charges. 


, Important Points of Fra me Dependence of B\ 

a. The motion of anything is a relative term. A charge may 
appear at rest by an observer (say 0\) and moving at some 
velocity \\ with respect to observer 0 {and at velocity v 2 
with respect to observer' O y Then, B due to that Charge 
wait. Oj will be zero and w.r.t. 0 1 and 0 3 it will be B { and B 2 
(that means different). 


h In a current carrying wire, electrqns move in thexpposite 
direction to that of the curireht and +ve ions (of the'metal) 
are static w.r.Uthe wire. Now, if sqjtne observer ndves : 

with velocity v d ih th6 direction 1 of motion - of the electrons, 
then electrons wilfhaye zero yelocity and +ve ions will have 
velocity v d in the downward direction 1 wir.fi S'|. The density^ 
(n) of+ve ions is same as the density of^free electrQns.and; 

their charges are of the^sanie'magnitudes. : ; 

' 

/ 






ft f % 




© 


Vi/ 






■ 


•• "• l' • • 


. 

-!■ wire at 
restw.r.t. 
ground 


Fig. 9.9,8, 



c. 


So, w.r.t; 0[ electrons will produce ze.rp ; magnetic field but 
+ve ions wilt produce the magnetic'field. 

& due to magnet: . ^ ,. ■ 

B produced by the magriet does not clohtaih the term of 
velocity. 

■ ■ ' - ■ • 


So, wexan say that B due to a magnet does not depend on 
frame. 

■ . . ■ ■ . 


1 

Magnetic Field Due to Current In a Straight Line 

The magnetic field due to a wire segment carrying current / at 
when the wire segment subtends angles a and fl as shown 
(Fig. 9.99), can be determined as follows: 




Fig. 9.99 
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cIB at P y due to dl is: dB - — 

4/r r 

f = /? cot ( k - 0)* dt = /? cosec 2 
r = /? cosec 5 


Now, 




/7 0 /(sin 0)(/?cosec 2 0^0) 


4tt 7? 2 cosec 2 0 

5=: -^£ f JK ° ° l R)n&d0 = -^-\cos& ] + cos# 2 ] 
AnR** J 


4nR 


B= -^-[cosft+cos^ 2 ] = J ^-[sin^ + sin/?], 
AnR 1 21 AnR 

In the vector form, B = ^^[sin a+sin /?](-£) [Fig. 9.99(a)] 

* If the point under consideration where the magnetic field is to 
bo calculated is not in front of the wire as shown in figure(b) the 

magnetic field is given by 7J - J ^[sin/?-sinar](-A) [Fig. 

4 ftR 

0.99(b)] 


Thus, it is clear that In the case of a current carrying straight 
wire: 

• For points along the length of the wire (but not on it), the 
field is always zero, 

• The field is always perpendicular to the plane containing 
the wire and the point So, In a plane perpendicular to the 
wire and containing the point, the lines of force are 
concentric circles encircling the wire as shown In Fig, 9,97, 



Co) ' (b) 

Fig. 9.100 


• If the wire is of infinite length and the point P is not near 
its ends as shown in Fig. 9,I00(a), a=fi= (nil)-, then 


B = 


^-[1 + 1] l*e, B = 
4 n d 


£o.27 
4 n d 


• If the point Is near one end of an infinitely long wire as 
shown in Fig, 9.100(b), a= (n/2) and fi-0. 


So, B= M ( i + 0]l.c^j>=^ 
4 nd An d 


Right Hand Thumb Rule 

Using this rule, the direction of magnetic field because of a 
current carrying wire may be obtained in the following ways: 



Fig. 9.101 

According to this rule, if we grasp the conductor in the palmo 
our right hand so that the thumb points in the direction of the flov 
of current, then the direction in which the fingers curl gives th< 
direction of magnetic lines of force. 

# Direction of magnetic field for straight current carry ini 
wire 

When the current / is coming outwards O (out of the page) 
the magnetic field B is a circle in the anticlockwise sense. 
When the current I ts pointing inwards G (Into the page), thi 
magnetic field B is a circle In the clockwise sense. 




Fig. 9.102 

• Direction of magnetic field in dose current carrying loop 
When the current / is flowing in the anticlockwise sense, the 
magnetic field B is outwards G (out of the page) 

When the current / is flowing in the clockwise sense, the 
magnetic Held B is inwards €> (into the page). 


Illustration 9.25 


A current/ flows in a circuit shaped like 


an isosceles trapezium. The ratio of the bases is 2. The length of 
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the smaller base is /. Calculate the magnetic induction at a point 
P located in the plane of the trapezium, but at a distance a from 
the midpoint of the smaller base. 




\ 

\ 

X 


Fig. 9.105 


Fig. 9.103 

Sol. Magnetic field at P due to wire 1 is 


B x - —- [sin a-sin(-a)] = 
And 


/JqI sin a 
2nd 


where oris the half-angle subtended by the wire 1 at point P and d 
is the perpendicular distance between the wire and point P. From 
similar triangles APF and CPE , we find that 


d= 2a and tan a= — 
la 


A 



Fig. 9.104 

The direction of the magnetic field is into the plane of the 
paper. 

Magnetic field at P due to wires 2 and 4 is zero. 

Magnetic field at P due to wire 3 is 




[sin a- sin(-or)) = 
Ana 


fi 0 I sin a 
2 na 


And the field is directed out of the plane of the paper. 

The resultant magnetic field at P is the vector sum of the four 
fields and is given by 


//o/sinor // 0 /sinor _// 0 /sin# 
2 na Ana Ana 


or 


B= 

Ana 


1 

V/ 2 +4a 2 


Out.of the plane of the paper. 


Find the magnitude and direction of 
magnetic field at point P due to the current carrying wire as 
shown in Fig. 9.105. 


Sol. 

Here 


B = [sin + sin <9 2 ] 

AnR 1 2 

q ] = -30°, q 2 = 6{y\ Putting these values, we get 

B= ^&l|"-l/2 + 

4*7? L 




A pair of stationary and infinitely long 


bent wires is placed in thc*-y plane as shown in Fig. 9.106. Each 
wire carries current of 10 amp. The segments L and M are along 
the *-axis. the segments P and Q are parallel to the 
y-axis such that OS = OR = 0.02 m. Find the magnitude and 
direction of the magnetic induction at the origin O. 

(IIT-JEEj 1998) 
y 

j ip 



Fig. 9.106 


Sol. As point O is along the length of segments L and M> so the 
field at O due to these segments will be zero. Also, point O is near 
one end of a long wire. 

The resultant field at O t B R - B P + Bq 

-> b r =^-L + &± 

* 4ji RO 4n SO 
But RO= SO = 0.02 m 

Hence, B R = 2x^-x — = 2x 10 -7 -icT* Wbm' 2 
R 4 n 0.02 0.02 


A long straight wire, carrying current /, 


is bent at its midpoint to form an angle of 45°. Find the induction 
of magnetic field at point P> distant R from the point of bending 
(as shown in Fig. 9.107) 



Fig. 9.107 
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Sol. Since point P lies on axis of straight part ab y therefore, 
magnetic induction due to this part is equal to 2 ero. 



For part be , 

From Fig. 9*108, r=R cos 45°. 

Since both the ends b and c are on the same side of normal PN, 
therefore a is negative and b is positive. 

Hence a = -45° and b = +90°* 

Using B - -^^(sin a + sin we have B = 

4ftr 4 ftR 

^ vo stra tght infinitely long and thin 
parallel wires are spaced 0.1 m apart and carry a current of 10 A 
each. Find the magnetic field at a point distance 0.1 m from both 
wires in the two cases when the currents are in the (a) same and 
(b) opposite directions. 

Sol. The point P is situated equidistant from the wires A and B. 
Hence, for the given case the magnitude of the magnetic field at P 
due to both the wires will be same. 

iul , 10 < 

B a = B b = B = ^- = 2x 10" 7 x — = 2x 10“ 5 T 
A B 2 ftd 0.1 

a. If the wires carry, current in the same direction, B A and B b will 
have the directions as shown in Fig. 9.109(a). 




The net magnetic field B R = 2B cos 30° (-*') = 2*& x 10^ 5 T 
along negative x-axis. 

h If the wires carry current in opposite directions, the magnetic 
field at P due to wires A andPwillbeasshown in Fig. 9.109(b). 

The net magnetic field B R = 2B cos 60° (j). 

gnsmssmi In Fig. 9.110, two long wires W v and W 29 
each carrying current /, are placed parallel to each other and 
parallel to z-axis. The direction of current in W 1 is outward and 
in W % it is inward. Find B at T* and ‘ Q\ 



Sol. Magnetic field atP: 

Let B due to W\ be and due to W 2 be B 2 - By symmetry, 
\b { \ = \b 2 \ -B(Fig 9.111(a)) 



Fig. 9.111 
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For magnetic field at Q (Fig. 9.111 (b): 

u a I 

Magnetic field due to =- 


u a I 

Magnetic field due to W 2 , B 2 = -— 

2 na 

Sa J3 

tan 8 = —— = — 

2 a 2 

Bq = (B ,cos 8 j)+(B 2 -B jsin 0) i 
sin <9= ^ 


r M(,/ n 

B n = -- J + 


5na ' 


jj G I - n / 3 /JqI 

2nSa lO^ra 


illlu $ tjral tpii 1 - h 


A square loop of wire, edge length a , 
carries a currents Compute the magnitude of the magnetic field 
produced at a point on the axis of the loop at a distance x from the 
center. 

Sol. A point on the axis of the loop is on the perpendicular 
bisector of each of the loop sides. Fig* 9.112 shows field of a 
single wire. 



When the fields of all the four sides are considered, the 
horizontal components add to zero. So, the total field is given by 


_ .— * ABa 

B r = 4B cos Q- -- 


ABa 


4n 0 ia 


^ r 4 a~x 2 +o 2 

i 2 


n (Ax 2 +a 2 )^4x 2 +2 a 2 

- z, , . „ AjuJa 7 

For* = 0, the expression reduces to B R = —— ---— 


Tta 




7ZQ 


Magnetic Field at the Center of a 
Current Carrying Arc 

Fig. 9.113 shows a circular loop of radius r carrying a current /. 
Application of Biot and Savart law to a current element of length 
di at angular position ar with angular element da is as followed. 



Fig. 9.113 



C<AQ 


1 o 



1 


ds 



(») 


CM 


(c) 


(a) A wire in (lie shape of a cirfcnlar arc with center C carries current 
/. (b) For any element of wire along the arc, the angle between ihe 
directions of ds and Fis 90 °. 

(c) Determining the direction of the magnetic field at (he center C due 
to the wire; the field is out of the page, in the direction of the 
fingertips* as indicated by the dot at C. 


Fig. 9.114 


The magnetic field due to the element di , dB = 


dB = 

Moj 


An 

d£ = 

MqI 


Anr 

B = 

J dB 


Mo‘ [ dl x 7 ) 

4/Tr*' 

(as dl 1 R ) 


(da) 


(as dl = rot) 


J Anr* 


Anr 


6 


where $h the angle in the radian. 

Therefore, B at the center of a circular loop of radius R is 

8= M. ( 2tf=B>L 

\Kr 2R 


Magnetic Field of a Circular Current Loop 



Fig. 9.115 
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InJFig. 9.115 the current in the segment d/ causes the field 
dB , which lies in the xy plane. The currents in other d d y s 
cause dB *s with direction components perpen-dicular to the 
x-axis; these components add to zero. The x-components of 
the dB *s combine to give the total field B at point P. 


We can use the law of Biot and Savart to find the magnetic field 
at a point P on the axis of the loop, at a distance x from the center. 
As Fig. 9.115 shows, dt andP are peipendicular and the direction 
of field dB caused by this particular element dt lies in the xy 
plane. Since r 2 = x 1 + q 2 > the magnitude dB of the field due to 
element d1 is 


dB = 


M dt 


4/r (x 2 +a i ) 

The components of the vector dB are 

./V 


dB=dBc os 6- 


dt 


dB= dB sin 6 = —- 


4^ (x 2 + a 2 ) (x 2 + a 2 ) u 2 
dt x 


(0 


(h) 


()ii) 


4k (x 2 + a 2 ) (x 2 +a 2 ) [n 
The situation has rotational symmetry about the x-axis, so 
there cannot be a component of the total field B peipendicular to 

this axis. For every element d t , there is a corresponding element 
on the opposite side of the loop, with opposite direction. These 
two elements give equal contributions to the x-component of 

dB , given by equation (ii), but opposite components 
perpendicular to the x-axis. Thus, all the perpendicular 
components cancel out and only the x-components survive. 

To obtain the x-component of the total field B , we integrate 

equation (ii), including all the dt ’s around the loop. Everything 
in this expression except dt is constant and can be taken outside 
the integral. So, we have 


J 


Mol _ Mote 

4/r (x 2 + a 2 f 2 47t{x 2 + a 2 ) V2 


jdt 


The integral of dt is just the circumference of the circle, i.e., 
jdt = 2m. So, we finally get 


B x 


Mojo* 

l(x 2 +a 2 f n 

(iv) 


(on the axis of a circular loop) 


Now suppose that instead of the single loop in Fig. 9.115, we 
have a coil consisting of N loops, all with the same radius. The 
loops are closely spaced so that the plane of each loop is 
essentially the same distahee x from the field point P. Each Loop 
contributes equally to the field, and the total field is N times the 
field of a single loop: 





Graph of ihc magnetic field along the axis of a 
circular coil with jV turns. When x is much larger than 
n, the field magnitude decreases approximately as 1/x 3 . 

Fig. 9.116 


MoNla 1 

B x 2 ^ - 2 yi /2 (on the axis of ^circular loops) 


2 x 3 2 k - 3 Aw v 3 

But 


(V) 


2x 3 2k jc 3 An x 3 

m 2 - A = Area of cross section of the coil 


where M = IA = magnetic dipole moment of the loop. The 
direction of M is same as the direction of the normal to the area of 
the loop. 


Note: 


A loop as a magnet : The pattern of the magnetic field is 
comparable with the magnetic field produced by a bar 
magnet 



Fig. 9.1171 


The side 7* (the side from which B energes out) of the loop 
acts as .‘NORTH POLE* and side IJ (the side in which B 
enters) acts as the 'SOUTH POLE\ It can be verified by 
studying force on one loop [due to a magnet or a loop* 


r V/ 

t 

F< - 

The loop and 

—i-V- 

: b 
\ ; 


\s 

jy | the magnet attract 
each other, 





A 


r\ 

The two loops 

- -Q 

r - 

U 

attract each 
oilier: ( ■ ' 



Fig. 9.118 




































Magnetics 9.33 


Magnetic Field on the Axis of a Solenoid Having N 
Turns Per Unit Length and Carrying a Current I 


The field at a point on the axis of a solenoid can be obtained by 
superposition of fields due to a large number of identical coils all 
having their center on the axis of solenoid. 



Let us consider a coil of radius R and width dx at a distance x 
from the point P on the axis of solenoid as shown in Fig. 9.120. 




g) ® <2> c 

K) (g) 0 @ ® Jg) 

1 

1 

j—► 

®(S 

dx 

1 

< - >p \ 

1 

j)©©®©©©®®® 


The magnetic field due this coil 

//~ IV IP^ 

dB = 


Fig. 9.120 

his 

MnNIR 1 


Here, 


2(R 2 +x 2 ) 3 ' 2 
N= ndx, x = R tan (Sand dx = R sec 2 p>dip. 


Hence, dB = 


jU 0 ndxxIR 2 


2(R 2 + R 2 tan 2 <p) 3n 


i.e., 


P 

B = jdB = —nljc os^d^ 

a 

B= [sin #+sin/?] 


For a point inside a iong solenoid, a = {$ » 90°; therefore, 
B = jitfil. At one end of a iong solenoid, a~ 0 6 , b ~ 90°; therefore, 

2. 


Magnetic Field B at Pdint P, at a Distance R From 
the Center of a Flat Strip of Width V Along its 
Perpendicular Bisector 

Let us subdivide the strip into long, infinitesimal filaments of 
width dx , each of which may be treated as a wire carrying a current 
element di given by i(dxla). For the current element in the left half 
of the strip in Fig. 9.121, the magnitude dB of the field at P is given 
Pn di p 0 \{dx/a) 

by dB = --- = -- - -—, in which d - R/c os 0- R sec 8. 

* lit d 2 k RstcB 

Note that the vector dB is at right angles to the line marked d. 


Only the horizontal component of dB — namely, dB cos 0 — 
is effective; the vertical component is cancelled by the 
contribution of a symmetrically located current element on the 
other side of the strip (the second shaded element in figure). 
Thus, B at point P is given by the (scalar) integral 



B = | dB cos 0 - J 


Po Kdx/a) 

—-cos# 

2kR sec# 


= W f ^ 

2naR J sec 2 # 

A flat strip of width a carries a current i. The variable x and # 
are not independent, being related by 
x = R tan # 

or dx= R sec 2 BdB, 

The limits on # are±o; where a = tan~ l (a/2/?). Substituting for 
dx in the expression for B y we find 

B= W f J?sec * 0(W Mo< t + * JC 

2naR * sec 2 # 2 m 


Poi /'o' 

— a = — tan 

Ka 7ZQ 


-\ a_ 
2 R 


B= Ml a= M x ^ 


7ca 


7ca 


a 

2R 



Fig. 9.122 

This is the general result for the magnetic field due to the 
strip. At points far from the strip, #is a small angle, for which 
a- tan a/2R. Thus, we have, as an approximate result. 
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m\2R) 2k R 

This result is expected because at distant points the strip 
cannot be distinguished from a thin wire. 


Shown in the Fig. 9.123 is a conductor 
carrying a current L Find the magnetic field intensity at the 
point 0. 

Sol. The magnetic field at the center of an arc is equal to 

b= 

Anr 


Magnetic field due to arc 1, B x = 


MqI@ 
Akx 3 r 


(-k) 


Magnetic field due to arc 2, B 2 (k) 

B 2 4xx2r 



Net magnetic field, B = B X +B 2 + B$ 


Hence, net B = 


mLi + j„-L 

4 n r 2 r 3 r 


*(*) = - 


W u 

2Aky 



A battery is connected between two points 


A and B on the circumference of a uniform conducting ring of 
radius r and resistance 7? as shown in Fig. 9.124. One of the arcs 
AB of the ring subtends angle #at the center. Show that the 
magnetic field at the center of the coil is zero and independent of q . 


Sol. Magnetic field at the center of an arc is given by 


B = 


2 R 2k 


Magnetic field due to a smaller arc, B x = x— (-k) 


Magnetic field due to larger arc, B 2 = 


2 r 2 k 

Ao h (2 k-0) 


2 r 


2 k 


(+k) 


Resultant magnetic field; 


■[- 


,6 ^ j1qI 2 (2k—&) 


Akt 


Aky 


m 0 


Two. arcs form a parallel combination of resistors. 


Here7t 7^ and7 2 tf 2 => — = 


■ - K 

R , 


(ii) 


Here /?, amd R 2 are the resistances of smaller and bigger arc, 
respectively. 


_ R 2 £ 2 (2n-&)r 2%-6 

But — = -r = = —— 

R { £, Or Qr 

From (ii) and (iii), we get 7, 0=I 2 (2k- 0) 

Hence from (i) true! (iv)_ 

Net magnetic field at the centre of ring will be zero. 


(iii) 

(iv) 




A solenoid 60 cm long and of radius 
4.0 cm has 3 layers of windings of 300 turns each. A 2.0 cm long 
wire of mass 2.5 g lies inside the solenoid near its center normal 
to its axis, both the wire and the axis of the solenoid are in the 
horizontal plane. The wire is connected through two leads 
parallel to the axis of the solenoid to an external battery which 
supplies a current of 6.0 A in the wire. What value of current 
(with appropriate sense of circulation) in the windings of the 
solenoid can support the weight of the wire? 

Sol. Let 7 be the current in the windings of the solenoid that can 
support the weight of the wire. Then, magnetic field inside the 
solenoid along its axis is given by B = 

Given that: /j 0 -Akx 10~ 2 TmA -1 

3x300 3x300 

n = number of turns per unit length =—-- = —-^— 

60 cm 60xl0" 2 m 

= 150Gtums/m 

Hence, B = Anx i0“ 7 x 1500 x 7 = 6;rx 10~ 4 7 
As the wire is placed normal to the axis of the solenoid and 
magnetic field inside the solenoid is along the axis, hence field will 
act normal to the wire. Hence, force experienced by the wire due tc 
the magnetic field is given by: 7^= BV£ 

Here, I' = 6.0 A, £ = 20 cm = 2.0 x 10" 2 m and B = 6kx 10^7 
Hence, F~6kx IO^x 6.0x2.0xlO’ 2 N = 72 kx 10^7 
Current 7 will support the weight of the wire, if the fore* 
F equals the weight of the wire, Lt. y F = mg 
or 72^xl0" 6 7=2.5xl(T 3 x9.8 


2.5x1Q~ 3 x9.8 

72x3.14x10^ 


108.37 amp 


























A thin insulated wire forms a plane spiral 


of N= 100 turns carrying a current / = 8 mA. The inner and 
outer radii are equal to a =5 cm and b = 10 cm. Find the magnetic 
induction at the centre of the spiral. 



Fig. 9.125 

Sol. Let n be the number of turns per unit length along the radii of 
the spiral. Consider a ring of radii x and jc + dx. 

Number of turns in the ring = ndx 

/. Magnetic field at the centre = * 

2jc 
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passing through the center of the above circuit vertically 
with the direction of the current being into the plane of the 
circuit. What is the force acting on the wire at the center 
due to the current in the circuit? What is the force acting on 
the arc AC and the straight segment CD due to the current 
at the center? (IIT-JEE, 2001) 

Sol. 

a. Magnetic field at the center due to the straight parts is zero. 
Magnetic field due to the arcs of radius 

r^A{p^!2r v ){m) = ^iAr^ 

Similarly the magnetic field due to the arcs of radius 

r 2 = (Mo il4r i) 

=> Net magnetic field 

= (jJ 0 i /4) {1/^+1/^}= 6.25x10" 5 T 

h i. As the current in the wire at the center is antiparallel to the 
direction of magnetic field, the force on the wire everywhere 
will be zero. 

ii. Further due to the current at the center, magnetic field at 
AC will be tangential and hence the force on AC will be zero. 


rMonidx I „ b 
■\ B (totalfield) = J =-/i 0 *iln- 


2x 


But n = 


N 

b - a 


a- In- 

2 (b-a) a 

= Attk 10~ 7 xlOOx 8 x 10~ 3 

2(10-5) X 10 -i 
5 = 6.9x10^7=6.9^7 



EBSSSSSS A current of 10 A flows around a closed 
path in a circuit which is in the horizontal plane as shown in Fig. 
9.127. The circuit consists of eight alternating areas of radii r l 
- 0.08 m and r 2 = 0.12m. Each arc subtends the same angle at the 
center. 



a. Find the magnetic field produced by this circuit at the center. 
h An infinitely long straight wire carrying a current of 10 A is 


iii. Force on CD = 


r? 


J 

H 


MJ 

Inx 


.2 

idx = z ?—In 
2 n 


\ 

a 


= 8.1 lx 10 _6 N 


(Vertically downwards) 


AMPERE'S LAW 

Similar to the Gauss's law of electrostatics, this law provides us 
shortcut methods of finding magnetic field in cases of symmetry. 
According to this law, the line integral of magnetic field over the 

closed path BJl ) is equal to ju Q times the net current crossing 

the area enclosed by that path. 

j> B ■ dl = p 0 I cnchsc6 

closed loop 

This law is called the Ampere's law and the closed loop on 
which it is applied is called the Amperian Loop. The integral on 
the left hand side is called the magnetic circulation. Thus, 
Ampere's law can be stated as: the magnetic circulation (C) 
around a closed loop is times the net electric current enclosed 
by the loop. 

Note: 

■ 

While applying the Ampere’s law, the following right 
hand conventidn is to be used 

• Current into the plane of the paper is negative . 

• Current out of the plane of the paper is positive. 

• Circulation taken in the .counter clockwise . direction is 
positive, . 

• Circulation'taken in clockwise direction is negative . 
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Fig. 9.128 shows three current carrying 
conductors and three imaginary Loops. Calculate the current 
enclosed by each of the loops. 

3 


• Some judgment is required in choosing an integration 
path . Two useful guiding principles are that^ the point or 
points at which the field is to be determined must lie on 
the pattiy and that the path must have enough symmetry 
so that the integral can be evaluated . 

FIELD OF A LONG, STRAIGHT, CURRENT 
CARRYING CONDUCTOR 
Selection of Ampere Loop 


Fig. 9.128 


Sol. The current enclosed by the first loop is -/ t . The current 
enclosed by the second loop is f - 1 2 and the current enclosed by 
the third loop is f -1 2 . 



Fig. 9.129 shows two current carrying 


wires piercing the plane of an imaginary loop. One of the wires is 
normal to the plane of the loop while the other is at an angle. 
Calculate the net current enclosed. 



Sol. The current enclosed is simply /, + I 2 . There is no need to 
take any component of I 2 perpendicular to the plane of the loop. 
All that matters is just the magnitude of the net charge per unit 
time that crosses the plane of the loop. 

Just as in the case of Gauss’s law, the selection of the Amperian 
loop is critical for easy application of the law. The general rules 
while selecting the loop are: 

• Estimate the direction force the magnetic field times around 
the current carrying conductor. 

• The loop should include the current carrying element whose 
magnetic field is to be calculated. 

• The magnetic field should be constant over the whole loop or 
should be easy to calculate the different portions of the loop. 

• The dot product should be easy to calculate. 


Note: 

• If B is everywhere tangent to the integration path and 
has the same magnitude B at every point on the path, 
then its line integral is equal to B multiplied by the 
circumference of the path . 

• If B is everywhere perpendicular to the path, for all or 
some portion of the path, that portion of the path makes 
no contribution to the line integral 

• In the integral ^>Bdl, B 'is always the total magnetic 
field at each point on the path . In general, this field is 
caused partly by currents enclosed by the path and 
partly by currents outside . Even when no current is 
enclosed by the path , the field at points on the path need 
not be zero . In that case, however, ( vB-dl is always zero . 


Amperian loop 




Fig. 9.130 


We know that the magnetic field 1 ines around a current carrying 
conductor are concentric circles in a plane perpendicular to the 
conductor. A natural choice for an amperian loop is a circle 
concentric with the conductor as shown in Fig. 9.130. For this loop, 

B is constant at all points due to symmetry. 

B is always in the same direction as dl and so the dot 
product is unity. 

We exploit the cylindrical symmetry of the situation by taking 
as our integration path a circle with radius r centered on^the 

conductor and in a plane perpendicular to it. At each point, B is 
tangent to this circle. With our choice of integration path. 
Ampere’s law becomes 


&Bdl = = // 0 / => B = ^- 

J J 2ftr 


Ampere’s law determines the direction of B as well as its 
magnitude. Since we go around the integration path in the 
counterclockwise direction, the positive direction for current is 
out of the plane. This is the same as the actual current direction in 
the figure, so I is positive and the integral <^>B-dl is also 
positive. Since the dt s run counterclockwise, the direction of 
B must be counterclock wise. 


Magnetic Field B Outside and Inside a Cylindrical 
Wire 

A steady current I flows along an infinitely long straight wire with 
circular cross section of radius R. 

It can be concluded from the symmetry that the field lines of B 
are circles with their centers at the wire axis. 
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B Outside the Wire (r x> R) 

Consider a circular loop of radius r {£ R) as shown by loop 1 in 
Fig-9.131. 

Here, the integral §B-dt - B^dt- B{lnr) 

Applying Ampere's law, 

B(2/zr) = /V => B = ^~ 



B Inside the Wire (r < R) 

Consider the loop 2 as shown in Fig, 9,131. 
Using Ampere’s law, 


B(2xr) = /j 0 


Hit 1 ' 


or, B = 


thlr 

IkR 1 


The variation of B with r is shown in the Fig. 9.133. 



Magnetic Field of an Infinite Sheet of Given 
Linear Current Density 

Selection of Amperian Loop for a Sheet of Current 

Once again the choice of (he Amperian loop will depend on the 
predicted nature and shape of the magnetic lines of force for the 
present configuration. The infinite sheet of current can be treated 
as a bundle of infinite wires. The fields due to these wires will be 


concentric circles. The resultant magnetic field due to all these 
individual fields will be orientated parallel to the plate as shown in 
Fig. 9.134(a). The field above the plate will be directed to the left 
while the field below the plate will be directed towards the right. 
The obvious choice for an Amperian loop is a rectangle with 
sides parallel to the plate and enclosing a portion of the plate as 
shown in the Fig. 9.134(b). Furthermore, as the magnetic field 
intensity may vary with distance from the plate, we place the loop 
so that the two sides parallel to the plate are at the same distance 
from the plate. 



(a> 


B 



WMOWW 

' i i I" 

b * 



(b) 


> <■// V dl 

|o|o|o|o.|o|o|o|oi|o|o|^ y 

ji I d i f~ 


.—lb' 


(e) 


Fig. 9.134 


Application of Ampere's Law 

Fig. 9,134(c) shows an i nfmite sheet of current with linear current 
density j (Am -1 ). Due to symmetry, the field lines pattern above 
and below the sheet is uniform. 

Consider a square loop of side / as shown in the figure. 
According to Ampere s law, 

b c d a 

J B-dt+\Bdi+\B-di+ J Bdt=// 0 r 

abed 

Since B ± di in the path b —> c and d a , therefore 

c a 

\ J B dt = 0; | Bdi = 0 

b d 

Also, B || dt in the path a -> b and c t —> d y thus 

b d 

\ B-dt + J B di = 2 Bt 

a c 
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The current enclosed by the loop is I = ji 
Therefore, according to Ampere’s law, 2BC = // 0 (/^) 


FIELD OF A LONG SOLENOID 

Selection of Amperian Loop for a Long Solenoid 

Suppose we desire to calculate the magnetic field inside a long 
solenoid using Ampere’s law, then what would be the choice of 
the Amperian loop? 

To answer this, let us analyze the expected nature of the 
magnetic field inside and outside the solenoid using symmetry 
arguments: 

1. We know that the magnetic field at a point on the axis of a 
loop is directed along the axis in the same direction on either 
side of the loop. The solenoid comprises of many concentric 
loops. Consequently, the magnetic Field at a point on the axis 
of the solenoid will also be directed along the axis of the 
solenoid as shown in Fig. 9.135(a). 

2 . The magnetic field outside the solenoid, far from its axis will 
be zero since the magnetic field due to a loop far from it is 
similar to that of a dipole and it falls rapidly as 1/r 3 . 

Taking consideration of above facts, what will be the optimum 
choice of an Amperian loop? Since the magnetic field outside the 
solenoid is zero, the shape of the loop in this region is immaterial 

as J B -dl in this region is zero. Within the solenoid, as the field 
is parallel to the axis, it is preferable for the loop to also be directed 
along the axis so that the dot product can be easily calculated. 
Thus, the natural choice of the loop is a rectangular loop with one 
side inside the solenoid oriented along the axis and another side 
outside the solenoid as shown in Fig. 9.135(c). 




Fig* 9.135 (Contd.) 


B = 0 



(<0 

Fig. 9.135 

A solenoid consists of a helical winding of wire on a cylinder, 
usually circular in cross section. There can be hundreds or 
thousands of closely spaced turns, each of which can be regarded 
as a circular loop. There may be several layers of windings. 

The field lines near the center of the solenoid are approximately 
parallel, indicating a nearly uniform 5; outside the solenoid, the 
field lines are spread apart, and the magnetic field is weak. If the 
solenoid is long in comparison with its cross-sectional diameter 
and the coils are tightly wound, the internal field near the midpoint 
of the solenoid’s length is very nearly uniform over the cross 
section and parallel to the axis, and the external field near the 
midpoint is very small. 

Application of Ampere's Law 

Along sides be and da , - 0 because B is perpendicular to 

these sides; along side cd , Z? n = 0 because B =0. 

The integral ^B d~l around the entire closed path therefore 
reduces to BL. 

The number of turns in length L is nL . Each of these turns passes 
once through the rectangle abed and carries a current/, where/is the 
current in the windings. The total current enclosed by the rectangle 
is then 7 cncl = nLI. Ampere’s law then gives the magnitude 
BL ~ jj^txLl 

B = fJ 0 nI (infinite solenoid) (ill) 

Side ab need not lie on the axis of the solenoid, so this 
calculation also proves that the field is uniform over the entire 
cross section at the center of the solenoid’s length. 

Note that the direction of B inside the solenoid is in the same 

direction as the solenoid’s vector magnetic moment Ji* 

For points along the axis, the field is strongest at the center of 
the solenoid and drops off near the ends. For a solenoid that is 
very long in comparison to its diameter, the field at each end is 
exactly half as strong as the field at the center. 

Consider a coaxial cable which consists of 
an inner wire of radius a surrounded hy an outer shell of inner 
and outer radii b and c, respectively. The inner wire carries an 
electric current i 0 and the outer shell carries an equal current 
in opposite direction. Find the magnetic Field at a distance x from 
the axis where (a)jc <a, (b)a <x <b t (c)b <x <c and (d)x>c* 
Assume that the current density is uniform in the inner wire and 
also uniform in the outer shell. 
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So]. 





Fig. 9.136 

A cross section of the cable is shown in Fig. 9.136. Draw a 
circle of radius x with the center at the axis of the cable. The parts 
(a), (b), (c) and (d) of the figure correspond to the four parts of the 
problem. By symmetry, the magnetic field at each point of a circle 
will have the same magnitude and will be tangential to it. The 

circulation of B along this circle is y therefore, §B <ft - Blnx in 
each of the four parts of the figure, 

a. The current enclosed within the circle in part (b) is ; 0 so that 

7ta a 

Ampere’s law §B dl - ju Q i gives 



\rtratvfl. i r TvarricA Q L 



- Lon cept a pp Licatipn. exercise, 




1. i. Find the magnetic field B at point O (center) of 
a. ABCD , which is a square of side 7*. 
h ABC , which is an equilateral triangle of side 7\ 


B A 




Fig. 9.137 

ii. Twelve uniform wires of equal length l and each of 

resistance r are connected to form a skeleton cube. A 
battery of emf E is connected between two diagonally 
opposite comers of the cube. The magnetic induction at 
the center of the cube is_ 

iii. An infinitely long straight wire is placed at the origin along 
the z-axis. The current I flows along the positive z-axis. 

y 


Q 



s 


Fig. 9.138 

Find the unit vectors showing the directions of magnetic 
field at the four points: 

P(fl, 0), Q( 0, b\ R(-a> 0) and S( 0, -b) 

2. Calculate the magnetic field at point 0 in each of the 
following cases 


a 2 2na 2 

The direction will be along the tangent to the circle. 

b. The current enclosed within the circle in part (b) is i 0 so that 

B litx=/i 0 i 0 or, B = 

2na 

c. Current density of outer shell: J= —-* 0 —, 

tic 2 - nb 2 

So current from x = 0 to x=x: 

I = i 0 ~ J (nr 1 - itb 2 ) 


'o-io 




fo(c 2 -* 2 ) 

c 2 -b 2 


b= £oL _ /Vo(c 2 -* 2 ) 

Inx 2itx(c 2 -b 2 ) 

d. For*> c y magnetic field will be zero, because net current is zero. 



(ii) 



Fig. 9.139 

3. Find resultant magnetic field at'C’ in Fig. 9.140. 
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Fig. 9.140 

4. Fig. 9. J 41 shows a square loop made from a uniform wire. 
Find the magnetic field at ihe center of the square if a 
battery is connected between the points A and C, 



5. In Rg. 9.142, there are two parallel long wires (placed in the 
plane of paper) carrying currents V and/. Consider points 
A , C and D on the line perpendicular to both the wires and 
also in the plane of Ihe paper. The distances are mentioned. 
Find(i) B at A, Cand D (ii) position of points on line>4 CD 
where B is 0. 


;Q> j© 


■ i 


, 1 

|-. | 

D 

« J 



r aV2 * 

a | 

* a * 


«- a -► 



Fig. 9.142 

6 . In Fig. 9.143, two long wires and W 2% each carrying 
current/, ace placed parallel to each other and parallel to z- 
axis. The direction of current in W y is outward and in W 2 it is 
inwards. Find B at £ P' and *Q\ 

y 




Fig. 9.144 


8 . Three identical long solenoids P, Q and R are connected to 
each other as shown in Fig. 9.145. If the magnetic field at 
the center of P is 2.0 T, what would be the field at the center 
of Q? Assume that the field due to any solenoid is confined 
within the volume of that solenoid only. 


Q 



9. Find magnetic field at point P shown in Fig. 9. (46, the point 
P is on the bisector of angle between the wires. 



10. Find magnetic field at O t by the system of current carrying wire. 

y 



11. A conducting ring of radius r having charge q is rotating 
with angular velocity to about its axes. Find (he magnetic 
field at the center of ring. 



Fig. 9.148 


7. In Fig. 9.144, a large metal sheet of width *w y carries a 
current / (uniformly distributed in its width V’). Find the 
magnetic field at point l P* which lies in the plane of the sheet. 


12. Suppose that the current density in a wire of radius a varies 
with r according to AV 2 where K is a constant and r is the 
distance from the axis of the wire. Find the magnetic field at a 
point at distance r from the axis when (i) r < a and (ii) r > a. 
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13. In Fig. 9.149, the magnetic field at the point P. 



Fig. 9.149 

14. An infinitely long straight wjre with current/flowing along 
the positive z-axis is located at coordinates P(-12 m, 5 m). 
Determine the unit vector showing the direction of 
magnetic field at the origin. 

15. A long, straight wire, carrying a current of 200 A, runs 
through a cubical wooden box, entering and leaving through 
holes in the centers of opposite faces (as shown in Fig. 9.150). 
The length of each side of the box is 20.0 cm. Consider an 
element dt 0.100 cm long of the wire at the center of the 
box. Compute the magnitude dB of the magnetic field 
produced by this element at the points a , b , c, d and e as 
shown in the figure. Points a, c and d are at the centers of 
the faces of the cube; point b is at the midpoint of one 
edge; and point e is at a comer. Copy the figure and show 
the directions and relative magnitudes of the field vectors. 



Fig. 9.150 

16. The wire shown in Fig. 9.151, carries current I in the 
direction shown. The wire consists of a very long, straight 
section, .a quarter-circle with radius R> and another long, 
straight section. What are magnitude and direction of net 
magnetic field at the center of curvature of quarter-circle 
section (point P)? 



17. A circular loop has radius R and carries current / 2 in a 
clockwise direction (as shown in Fig. 9.152). The center of 
the loop is a distance D above a long, straight wire. What 
are the magnitude and direction of the current I } in the wire 
if the magnetic field at the center of the loop is zero ? 



18. For the arrangement shown in Fig. 9.153, determine the 
magnetic field at the center O . 



19. Four long, parallel conductors carry equal currents of 5.0 A. 
The direction of the currents is into the page at points A 
and B and out of the page at C and D. Calculate the 
magnitude and direction of the magnetic field at point P, 
located at the center of the square. 

A C 






•p 

~0,2m' 


0.2 m 


-0 

D 


Fig. 9.154 


20. Along, vertical wire carrying a current of 10 A in the upward 
direction is placed in a region where a horizontal magnetic 
field of magnitude 2.0 x 1CT 3 T exists from south to north. 
Find the point where the resultant magnetic field is zero. 

21 . Fig. 9.155 shows a long wire bent at the middle to form a 
right angle. Show that the magnitudes of the magnetic field 
at the points P, Q , R and S are equal and find this magnitude. 


R 



Fig. 9.155 

22. In Fig. 9.156, two long, parallel wires (seen end-on) that are 
a distance R apart carry equal currents / in the same sense. 
Find the magnitude of the magnetic field at point P, which 
lies equidistant from the two wires at an angle Pfrom the 
plane of the wires. 
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23. Fig, 9,157 shows a square loop of edge a made of a uniform 
wire. A current i enters the loop at the point A and leaves it 
at the point C. Find the magnetic field at the point P which 
is on the perpendicular bisector of AB at a distance a/4 from 
it. 



t A B 

Fig, 9.157 


24. Let two long parallel wires, a distance d apart, carry equal 
currents I in the same direction. One wire is at x = 0, the 
other at x^d (as shown in Fig. 9.158). Determine between the 
wires as a function of x. 



Fig. 9.158 

25. In Fig. 9. ] 59, poinls P and Q lie at the same small distance R 
from the current carrying wire. (By “small” we mean that R 
is very much less than the length of any segment of the 
wire.) What is the magnitude B of (he magnetic field (a) at Q 
?(b)at PI 



Fig. 9.159 

26. A wire carrying current /' has the configuration shown in 
Fig. 9.160. Two semi-infinite straight sections, each tangent 
to the same circle, are connected by a circular arc, of angle 
0> along the circumference of the circle, with all sections 
lying in the same plane. What must #be in order for B to be 
zero at the center of circle? 



Fig. 9.160 

27. A long, circular pipe, with an outside radius of R> carries a 
(uniformly distributed) current of / 0 (into the paper as 
shown in Fig. 9.161). A wire runs parallel to the pipe at a 
distance 3 R from center to center. Calculate the magnitude 
and direction of the current in the wire that would cause the 
resultant magnetic field at the point P to have the same 
magnitude, but the opposite direction, as the resultant field 
at the center of the pipe. 



Fig. 9.161 


28. Shown in Fig. 9.162, is an end-on view of ihree long, 
straight, parallel conductors spaced equal distances a 
apart. The outer conductors carrry current / out of the 
page; the middle conductor carries current 1 into the page. 
Where in the plane of the page is the magnetic held zero? 


/ 


© 

h+ 


a 


I 


X4 


a 


I 


© 

-H ’ 


Fig. 9.162 

29. In Fig. 9.163, find the magnetic field at point P. 



Fig. 9.163 

30. Current / flows through a long conducting wire bent at 
right angle as shown in Fig. 9.164. Find the magnetic field at 
a point P on the right bisector of the angle XOY at distance 
rfromO. 


i 


• p 



Fig. 9.164 
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31. Two circular coils X and K, having equal number of turns 
and carrying currents in the same sense, subtend same 
solid angle at point 0. If the smaller coil X is midway 
between 0 and Y and if we represent the magnetic 
induction due to bigger coil Y at 0 as B y and that due to 
smaller coil X at 0 as B xt then find the ratio B y !B x . 


Y 



Fig. 9.165 

32 T\vo circular coils made of similar wires but of radii 20 and 40 
cm are connected in parallel. Find the ratio of the magnetic 
fields at their centers. 

33. A wire is bent into the shape shown in Fig. 9.166 (a), and 
the magnetic field is measured at when the current in the 
wire is 7. The same wire is then formed into the shape shown 
in Fig. 9.166 (b), and the magnetic Held is.measured at point 
when the current is again /. If the total length of wire is 
the same in each case, what is the ratio of 



1 

1 

1 

2/] 



1^ i 

i \ 



-H-►— 

i 



- 4 — 


1 

i 

i 

/ 


'A 

/ 

*1 

A 

; 


■ 



00 



(M 



Fig. 9.166 

34. Charge is sprayed onto a large non-conducting belt above 
the left-hand roller in Fig. 9.167. The belt carries the charge, 
with a uniform surface charge density s, as it moves with a 
speed v> between the rollers as shown (Fig. 9.167). The 
charge is removed by a wiper at the right-hand roller. 
Consider a point just above the surface of the moving belt. 
Find an expression for the magnitude of magnetic field at 
this point. 

—► V 

7 

Fig. 9.167 

35. An infinitely long, non-conducting cylinder of radius R lies 
along the z-axis. Five long, conducting wires are parallel to 
the cylinder and spaced equally on the upper half of its 
surface. Each wire carries a current / in the opposite z- 
direction. Find the magnetic field on the z-nxis. 

36. In Fig. 9.168. find ihc magnetic field at P? The loop is lying 
on jr-y plane. 



Fig. 9.168 


37. Two long, straight wires, one above the other, are separated 
by a distance la and are parallel to the *-axis. Let the 
y-axis be in the plane of the wires in the direction from the 
lower wire to the upper wire. Each wire carries current / in 
the +jc-direction. What are the magnitude and direction of 
the net magnetic field of the two wires at a point in the 
plane of wires: 

a. midway between them? 

b. at a distance a above the upper wire? 

c. at a distance a below the lower wire? 

38. A long, straight wire lies along the y-axis and carries a 
current / = 8.00 A in the-y-direction (as shown in Fig. 
9.169). In addition to the magnetic field due to the current in 
the wire, a uniform magnetic field with magnitude 1.50x 
10“ 6 T is in the + .r-direction. What is the total field 
(magnitude and direction) at following points in the xz 
plane? 


y 

4 



4 

i 


Fig. 9.169 

a. * = 0 , 2 = 1.00m b. jt= 1.00m,z = 0 

c. * = 0,z=-0.25m 

39. Calculate the magnitude of the magnetic field at point 
Pas shown in Fig. 9.170, in terms of/?, 7 ( and/ 2 . 



40. The wire semicircles shown in Fig. 9.171, have radii a and b. 
Calculate the net magnetic field (magnitude and direction) 
that the current in the wires produces at point P. 
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l 



41. Find the values of &Bd£ for the loops and L z in Fig. 
9.172. 

The sense of dl is mentioned in the figure. 



42. A closed curve encircles several conductors. The line 

integral <§>Bdl around this curve is 3.83 x 10“ 4 Tm. 

a. What is the net current in the conductors ? 
h If you were to integrate around the curve in the 
opposite direction, what would be the value of the line 
integral? Explain. 

43. A solid conductor with radius a is supported by insulating 
disks on the axis of a conducting tube with inner radius b 
and outer radius c as shown in Fig. 9.173. The central 
conductor and tube carry equal currents I in opposite 
directions. The currents are distributed uniformly over the 
cross section of each conductor. Derive an expression for 
the magnitude of the magnetic field: 



Pig. 9.173 

a. at points outside the central, solid conductor, but inside 
the tube (a < r < b ). 
lx at points outside the tube (r > c). 

44. Long, straight conductors with square cross sections and 
each carrying current / are laid side-by-side to form an 
infinite current sheet as shown in Fig. 9.174. The 
conductors lie in thexy plane, are parallel to they-axis and 
carry current in the + y-direction. There are n conductors 
per unit length measured along jc-axis. 



Fig. 9.174 

a. What are the magnitude and direction of the magnetic 
field a distance a below the current sheet? 

b. What are the magnitude and direction of the magnetic 
field a distance a above the current sheet? 



Two long straight parallel wires are 2m apart, 

perpendicular to the plane of the paper. 

The wire A carries a current of 9.6A, directed into the plane 
of the paper. The wire B carries a current such that the magnetic 

field of induction at the point P> at a distance of ^ m from the 
wire B is zero. 



Fig. 9.175 

Find: 

a. The magnitude and direction of the current in B . 
h The magnitude of the magnetic field of induction at the 
points. 

c. The force per unit length on the wire B . (1T-JEE, 1987) 

Sol. 

a Direction of current at B should be perpendicular to paper 
outwards. Let current in this wire be i B . Then 

An 1 a _ Ap h 

2;r |^ + — j " 2*00/11) 


or 




*A 


32 


10 ■ 10 * i 

i„ = —xi. = —x9-6 = 3A 
11 32 32 


or 
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h Since AS 2 + BS 2 ~AB 2 
ZASB = 90° 

At 5: B[ = magnetic field due to i A 

, i^.iL„ OxlO-’XM) _,2 X10 -1 T 
2 ^ 1.6 1.6 

S 2 - Magnetic field due to /'B = —— = 

2 2;r 1.2 1.2 

= 5xl0" 7 T 

Since B, and B 2 are mutually perpendicular, Net magnetic 
field at S would be: 

B= ^[b[+bI =V(12x10’ 7 ) 2 +(5x10 _7 ) 2 
= 13 X 10" 7 T 


Sol 

a Magnetic field at ? due to both the wires P and Q will be 
downwards as shown in fig- Therefore, net field at R will be 
sum of these two. 

-• 0 & *—— 1 ’ 

b" 

V 

Fig. 9.178 

B = Bp -f Bq 

_ = B±(?A + L) 

2n 5 In 2 2n\ 5 2) 



Fig. 9.176 

c. Force per unit length on wire B\ 


JL- ‘ a ‘b 

1 2n r 


(r=AB= 2m) 


(2xl0" 7 )(9.6x3) 

2 


= 2.88x lO^N/m 


Kvumplc 9*2 


Two long parallel wires carrying currents 2.5 


and I (ampere) In the same direction (directed into the plane of 
the paper) are held at P and Q respectively such that they are 
perpendicular to the plane of paper. The points P and Q are 
located at a distance of 5m and 2m respectively from a collinear 
point R (see Fig. 9.177) (HT-JEE, 1990) 


» 0 D 

.- 

t 2m t 

5m 

Fig. 9.177 

a. An electron moving with a velocity of 4 x 10 s m/s along the 
positive* - direction experiences a force of magnitude 2.5 A 
may be placed, so that the magnetic Induction at R is zero, 
.h. Find all thepositionsat.which a third long parallel wire 
carrying a current of magnitude 2. 5 A may be placed, so that 
the magnetic induction at R is zero. 


Fm = Bqv sin 90° 

or (3.2xl(r 20 )= (10" 7 )(/+ l)(1.6x 10 -19 )(4 x 10 5 ) 
or 7+1 = 5 


, /=4A 

h net field at R due to wires P and Q is 
B= 10- 7 (/+l)r=5xl0" 7 T 

Magnetic field due to third wire carrying a current of 2.5A 
should be 5 x 10 -7 T n upward direction so, that net field at R 
becomes zero. Let distance of this wire from R be r. Then, 


A—= 5x10-’ or @* 1(r ’X2- 5 ) -jxiQ-irc 
In r ' r 


or 

or 


(2xio- 7 )(2.5) = s x i(r 7m 

r 

r= lm 


So, the third wire can be put at M or N as shown in fig. 

If it is placed at M , then current in it should be outwards and 
if placed at M then current be inwards » 


A wire loop carrying a current is placed In the 
xy piane as shown in Fig. 9.180 (a) If a particle with charge +Q 

and mass mis placed at the centre? and given a velocity v along 
NP find its instantaneous acceleration, (b) If an external uniform 

magnetic induction field B = Bi Is applied, find the force and 
torque acting on the loop. (OT-JEE, 1991) 
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y 



v|/ 


Fig. 9.180 


Sol. 

a As in case of current-carrying straight conductor and arc, 
the magnitude of B is given by 




_ -/V 


(sin a + sin b) and # 2 = 




And ' ' * Anr 

So in accordance with right hand screw rule, 

JL L 


w= 


An {a cos 60") 


x 2 sin 60° and 


(-V = £o/r2£n 

1 ,MN 2a l 2n . 


(k) 


and hence net B at P due to the given loop 

Now as force on charged particle in a magnetic fields is given 
by F ~ q{y xi?) 

so here* F = qvB sin 90° along PF 

he. F= along PF 

An a L 3J 

and so a- r- = i(T 7 ~ —] aalong PF 

m a L 3 J 




A long horizontal wire AB y which is Free to 


move In a vertical plane and carries a steady current of 20A* is in 
equilibrium at a height of 0.01 m over another parallel long wire 
CD which is fixed in a horizontal plane and carries a steady 
current of 30A, ns shown In Fig. 9.182. Show that when AB is 
slightly depressed. It executes simple harmonic motion. Find the 
period of oscillations. (IIT-JKE, 1994) 



Fig. 9.182 

Sol. Let m be the mass per unit length of wire AIF At a height .v 
above the wire CD, magnetic force per unit length on wire AB will 
be given by 

F,„= (upwards) (i) 

2/r x 


b. As d F = IdL x B , so F = jldLxB 
As here / and B are constant 


F= [(£</Z]xfi = 0 
Further as area of coil* 



®] 



1,1 

-na —. 2 < 2 Sin 60 °Xflcos 60 ° 
3 .2 




A 


Bi j ™ 20 A 


C 


F * 


x 


D 


// = 0.01m 

I 


Fig. 9.183 

Weight per unit length of wire AB is 
F H = mg (downwards) 

Here, m = mass per unit length of wive AB 
At x = d, wire is in equilibrium i.c. 





























Magnetics 9.47 



or 


Mp hh 
l7t d 


mg 


or v=- 

InmK 


\ 


nr !k l A- mi 
iKd 2 ” d 


Oi) 


When AS is depressed, x decreases therefore F m will increase, 
while F g remains the same. Let is displaced by dx downwards, 
Differentiating Eq. (i) w.r.t x> we get 



i.e, restoring force, F = dF m oe-dx 
Hence, the motion of wire is simple harmonic. 
From Eqs. (ii) and (iii) we can write 





Acceleration of wire a 



<dx 


Now, time period, T= 


2 nR 


v 

Magnetic moment M = A 


2 nR 

hUnmR 


4 nhnR 2 
h 


Where ■»-* 

time period 


and A= nR 1 


e 

' h 


h 


M - (nR 2 ) 


_eh_) 

4n?mR 2 J 


^ w eh 

Or M- - 

4 nm 


Direction of magnetic moment M is perpendicular to the 
plane of orbit. 

h r = MxB 


Hence, period of oscillation 


7 = 2 /r 


dx 


= 2 n 


rdisplacmen t\ 
I accelertion I 


or T= 2n.- = In or T= 0.2s 

U V 9.8 


Example 9.5 


An electron In the ground state of hydrogen 


atom is revolving in anticlockwise direction In a circular orbit of 
radius R (see Fig. 9.184) 



Fig. 9.184 

& Obtain an expression for the orbital magnetic moment of 
the electron 


h lire atom is placed in a uniform magnetic Induction B such 
thdt the normal to the plane of electron’s orbit makes an 
angle of 30° with the magnetic induction. Find the torque 
experienced by the orbiting electron. 


(IIT-JEE, 1996) 


Sol. 

& In ground state (n = 1) according to Bohr’s theory: 


mvR= 


h 

In 


I fl = MB sin0 

Where 0is the angle between M andB 
0=30° 

T= f-^-l(fl)sin30° 

^4 7tm) 

ehB 
X- - 

8;rm 

The direction of x is perpendicular to both M andfl 

Three Infinitely long thin wires, each 
carrying current fin the same direction, are In the* -y plane of 
a gravity free space. The central wire Is along they - axis while 
the other two are along x - ±d. 

a. Find the locus of the points for which the magnetic field B Is 
zero. 

h If the centra] wire Is displaced along the z -direction by a 
small amount and released, show that It will execute simple 
harmonic motion. If the linear density of the wire Is X, find 
the frequency of oscillation. (IIT-JEE, 1997) 

Sol. 

a. Magnetic field will be zero on they - axis i.e. 
x~0 = z 


y 


I 

II 

III 

IV 

x=-d 

0 


*=+4 


© 


r-axis 


/ 


Fig. 9.185 


X 
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magnetic field cannot be zero in region I and region IV 
because in region I magnetic field will be along positive z- 
direction due to all the three wires> while in region IV 
magnetic field will be along negative z- axis due to all the 
three wires. It can zero only in region II and III. 



Fig. 9.186 

Let magnetic field is zero on line (z = 0) and x = x . Then 
magnetic field on this line due to wires 1 and 2 will be along 
negative z - axis and due to wire 3 along positive z - axis. 
Thus 

or Mo 1 i *** 1 = *** 1 

2ft d^x 2 k x 2ft d-x 

1 l 1 

or -+ -=- 

d+x x d-x 


This equation gives x = ± -^= 

V 3 

Where magnetic field is zero.. 

b In this part we change our coordinating axes system. Just 
for better understanding. 


z 


1 2 3 

—®* 
x--d x m 0 x~d 

Pig. 9.187 

There are three wires 1,2 and 3 as shown in Fig. 9.188. If we 
displace the wire 2 towards the z - axis. 

I 

I 



Fig. 9.188 

Then force of attraction per unit length between wires (I and 
12) and (2 and 3) will be given by 



The components of F along x - axis will be cancelled out. 
Net resultant force wl 11 be towards negative z - axis (or mean 
position) and will be given by 


p _ Mo.t 

n4l ~ IJir 


The components of F along x - axis will be cancelled out. 
Net result force will be towards negative z - axis, (or mean 
position) and will be given by 


F = 

1 BAl 


_ Mo_!_ 


2 /r r 


(2 cos#) 


= 2 


\£\z 

lit r\r 


, _ /4) t 


If z « d t then 


Z 2 + d 2 = S and F wl = - 


Mo£_ 
ft d} 


a \ 


■z 


Negative sign implies that is restoring in nature 
Therefore F m -z 

i,.e. the wire will oscillate simple harmonically. 

Let a be he acceleration of wire in this position and X Is th< 
mass per unit length of this wire then . 


F 


Ml 


X,a = - 



or 


a=- 


' Mo i 1 ^ 


■z 


rid 2 )' 
Frequency of oscillation 


_ 1 _ [a _ _l_J_ l]io 

2n\z 2 ndynX 


=/= 


i (a 
IndynX 


Kxumplr9.7 


A particle of mass ma and charge 9 is movlni 
in a region where uniform, constant electric and magnetic field 
E and B are present B and B are parallel to each other. A 


time t = 0, the velocity i> 0 of the particle Is perpendicular to £ 
(Assume that its speed Is always «c, the speed of light h 
vacuum), Find the velocity v of the particle at timet You mus 
express your answer In terms of t,q,m, the vector v 0 , E and E 
and their magnitudes v 0> E and B. (HT-JEE, 1998 


Sol. 


J = 


E 


— or 


E 


= VO 
B' v 0 
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Vp X Bq 
v 0 B 


k= 



. Force due to electric field will be along y - axis, magnetic force will 
not affect the motion of charged particle in the direction of electric 
field (or y- axis) so. 

0,= ^ = ^.. 0 

mm 

The charged particle under the action of magnetic field 
describes a circle in x-z plane (perpendicular to B ) with T = 

Bq 


or co~ 


2 n qB 


T m 

Initially (t = 0) velocity was along x - axis. Therefore magnetic 

force will be along positive z- axis =g(v 0 xi?)] .Let it 

makes an angle 0 with x - axis at time r, then 
9= cot 



qB 

n x - v o cos - v o cos I 

m 

v = v 0 smeot = v 0 sin — r 

J 

From eqs (i), (ii) and (iii) 

v= v x i+v y j + v t k 


(ii) 

(iii) 


(qB.) 

/-. \ 

.qE 

(e) 

, i (0\ 




+- t 

— 

+ v 0 sin —/ 


\m J 

, v o. 

m 

/ 

\m ) 

l v o 5 J 


or v = cos 

Note: 




r - = \ 

v> D x^ 

B 


The path of the particle will be a helix of increasing 
pitch . Theaxis of the helix will be along y - 1 axis . 


ICxampIcD.S 


A ring of radius R having uniformly 


distributed charge Q is mounted on a rd suspended by two 
identical strings. The tension in strings in equilibrium is r Q . 
Now a vertical magnetic field is switched on and ring is rotated at 
constant angular velocity a >. Find the maximum <o with which the 
ring can be rotated if the strings can withstand a maximum 


yp 

tension of —-. 
2 


[HTJEE,2003] 



Fig. 9.191 


Sol. In equilibrium, 

2T 0 = mg 

T »- — 


Magnetic moment, M = iA = | ~^~~Q \(^R 7 ) 


t = MB sin 90° = 


coBQR 2 


Let T| and T 2 be the tensions in the two strings when magnetic 
field is switched on ( T { > T 2 ) 

For translational equilibrium, 

T ] + T 1 =mg (ii) . 

For rotati onal equi librium 

(T , , D mBQR 2 

CJ-, - Ty - = f-— 


or 


T,-T 2 : 


coBQR 


(iii) 


Solving Eqs. (ii) and (iii) we have 
T _ mg 0 )BQR 2 

1 | “ — P- 


2D 


3 r n 


As T x > 7 2 and maximum values of 7\ can be , we have 


37, 


u o _ T . * B Q R 

- -- 7 0 +- 


2 D 


mg _ 

T~ t ° 




DT a 
BQR 2 
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Example 9.9 


A moving coil galvanometer has a coil of area 
A and number of turns M A magnetic field B is applied on it The 
torque acting on it is given by T~ki where / is current through 
the coll. If moment of inertia of the coil is I about the axis of 
rotation [IIT-JEE, 2005] 

a. Find the value of A in terms of galvanometer parameters 
(N,B,A). 

h Find the value of torsional constant if current i 0 produces 

angular deflection of — radian. 

% 

c. If a charge Q is passed almost instantaneously through 
coil, And the maximum angular deflection in it 

Sol. 

a. The torque acting on the coil of moving coil galvanometer is 
T- NiAB 
Given t= ki 

ki = NiAB => k = NBA 

h If C is torsional constant of the spring of galvanometer, then 

t= ce 


NiqAB 


■ c (!) 


c = 


2 NBAi 0 


71 


c. If & m is maximum deflection* then from conservation of 
energy 


ft 


4 


6) 


-cel= -lo? 

2 2 

We have r=NiAB 

Put r=— where Lis angular momentum. 
dt 


© 


f-(f) 


AB or dL - NAB dQ 


Integrating J dL- A ?AB jdQ => L-NABQ 
o o 

If cois angular velocity. 

Put L- Ico 

Ico = NABQ 
NABQ 

CD= - 

1 

Substituting thus value in (i), we get 

_ fT NABQ _ NABQ 

6m= ic'~r- 


(ii) 




=Q 


nNAB 
2 Ho 


Example 9.10 


A particle of mass m and charge q is moving in 
a region where uniform constant electric and magnetic fields 
£and B are present. E and B are parallel to each other. At 


time / = 0 the velocity v of the particle is perpendicular to 
(Assume that its speed is always £ c, the speed of light in 
vacuum). Find the velocity v of the particle at timet. You must 

express your answer in terms of/, q, m\ the vectors r 0> E and B 
and their magnitudes E and B. 



E-Ei 

B=B( 


Sol. Let the velocity v, Land B be as shown in Fig. 9.192. The 

Lorentz force on the charged particle is 

i - 1 dv ' 

q(E + vxB) - m— 
dt 

qLEi+v 0 jxBi) = m^lvJ + Vyj + vJ] _ 

qEi + qv 0 B(-k) = m^[v x i +v y j+ v z k] 

On comparing the components on both sides* we get, 

dv x _ nF 

m —= qt 
dt 

dv 

-qBv y 
dt 

From equation (i)> we have 

qE f 
m 

From equation (ii), we have 
d\ qB dv z 


y v = —t [a x is constant] 
m 


dt 2 m dt 

dv z 


(i) 

(ii) 

(iii) 

. (iv) 

(v) 


We can substitute —- from equation (iii), in equation (v), we 
< dt 

get 


A _ JqB'f 


dt 


iSh 


Similarly from equation (iii), we have 

d\ dv v 

—± = -qB—^ 
dt 2 , dt 


(vi) 


(vii) 
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Now wc substitute dvjdl from equation (ii) in (vii) to get 
\2 


d\ 

dt 1 


cjl 

m 


v. 


(viii) 


Equations (vi) and (viii) are second order differential equtions, 
similar to that encountered in simple harmonic motion. Solution of 
equation (viii), 


,2 

d v 2 


CO 


= si 


m 


= Acqs(ru/ + (j>) 

Hence from equation (ii), 
m d v * 

v, =-- - -Asm (cat + ^) 

qB dt 

At / - 0, v v = v fl and v z = 0; therefore we get, 

0 = - 0 and A - Vq 
T hus the final solutions are 

q£ 

v\ = —v = v n cos cot y v = -v 0 sin<y/ 

m 

in vector notation, 

v - f — /j/ + (v Q cos 6)t) j+ (-v Q am G>t)k 


qE \ E v 0 . . Jxv 0 

— / — + (v 0 cos Q)t)- + (-v {) Sill cot) - 

m ) E v ' Bv 0 


qt ■- ^ sin cot _ 

= — E + v 0 COSO)/ v 0 +-” 

m , : B 


v 0 x B 



A charged particle of mass m and charge 4 is 


projected on a rough horizontal x-y plane surface withz-axisin 
the vertically upward direction. Both electric and magnetic fields 


arc acting in the region and given by E = -Ejc and ft = -B^k 
respectively. The particle enters into the field at (a^ 0,0) with 


velocity v - v 0 j. The particle starts moving into a circular path 
on the plane. If the coefficient of friction between the particle and 
the plane is m . Then calculate the 

a. time when the particle will come to rest 

b. time when the particle will hit the centre 

c. distance travelled by the particle when it comes to rest. 



Sol. 


N = mg +qE 0 

® 

mv 2 

(ii) 

= T 

dv 

And -m — = juN 
dt * 

(iii) 

From equation (ii), 


mv 

. , , (iv) 

R= —- 

«o<? 


From equations (i) and (hi), 


-m.— = jUOng+qEo) 
dt 

-m ]° dv = -jU (mg + qE a )^dt 


Thus t ~ 




jU(mg + qE 0 ) 
h From equation (iv) ■, 

d R= JlL dv= ^f^Hi±&L 
B 0 q , qB 0 

. - M (mg + qE) 

[ dR = - - -— L dl 

h, qB 0 J ° 

qB 0 Rj 


i- 


7T r, mV () 

Here R { = —- 


MO ng+qE$) 

mvo 

1 


Thus t- 


MVq 


jU(mg+qE 0 ) 


(c) -mgE - /J,(mg +qE 0 ) -m . J ° vdv = fi(mg +qE (i )^dl. 


dt 


( = 


mv n 


2 MOng+qEo) 


A long straight wire carries a current U A 
particle having a positive charge q and mass m , kept at distance 
jr 0 from the wire is projected towards it with speed v. Find the 
closest distance of approach of charged particle to the wire. 


Fig. 9.193 
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Fig. 9.194 

Sol, Magnetic field due to long wire is ■ 

B - 

B -~la 

Let the velocity of the charged particle at any instant be 

—> ^ ^ 

V =(v' +V yi) 

Magnetic force on the charge, 

"t ' ■ -> fhglVy + Moqiv* a 

F = q(vxB) = * j 

2nx 2 kx 

From equation (i), y component of acceleration is 

a _ dv * _ MnW* M ■ dx 
y dt 'Ircmx 'i.rcmx dt 

At the minimum separation, velocity of particle is -v j 


(i) 





In 


•*min 

*0 


Thus 


x 0 e- 2 * n,vl M‘ 


Example 9.13 


A loop of flexible conducting wire of length 


0.5 m lies in a magnetic field of 1.0 tesla perpendicular to the 
plane of the loop. Show that when a current is passed through the 
loop, it opens into a circle. Also calculate the tension developed 
in the wire if the current is 1.57 A. 


Sol. The loop may be divided into a large number of small length 
elements. When a current / is passed through the loop placed in 
the magnetic field such that the plane of the loop is perpendicular 
to field, then force on each element is 


IdtxB = UtB sin90 ° = Id£B 
Perpendicular to current element Id t as well as magnetic 
field B . Hence, the loop opens into a circle. 


dt 



Fig. 9.195 

Consider an element of length dl of circle of radius r, making an 
angle or at centre. If Tis the tension in the wire, then force towards 
centre 

UsfaZ-IBdi 

2 


For small angle a> sin — = — 
2 2 


27.- = IB dt 
2 



BTOftfMEI A circular coil of 100 turns has an effective 
radius of 0.05 m and carries a current of 0.1 amperes. How much 
work is required to turn it in an external magnetic field of 1.5 
weber/m 2 through 180° about an axis perpendicular to the 
magnetic field. The plane of the coil is initially perpendicular to 
the magnetic field. 

Sol. The potential energy of circular loop in the magnetic field 
= - MB cos d where 0is angle between normal to pldne of coil and 
B . Initially given 0=0°. . 

■\ Initial potential energy, 

U f = -NiAB cosl80° = -M4£ 

When coil is turned through 180°; 6- 180°, therefore final 
potential ener^. 

U f - — \ r iAB cos 180° = NiAB 

Required work, W =gain in potential energy 

= U / -U i = NiAB-(-NiAB) = 2 NiAB 

Here N= 100, i = 0.1 A, B = 1.5 weber/m 2 and radius r- 0-05 m. 

A = nr 2 = 3.I4x(0.5) 2 =7.85 xlO -3 m 2 

Work, W = 2xl00x0.1x7.85xl0 -3 xl.5 
= 0.2355 joule ■ ■■ 
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ntrnmwm A positively charged particle having charge 
q { = 1 coulomb and massmj = 40gm,is revolving along a circle 
of radius R = 40 cm with velocity v L = 5 ms" 1 in a uniform 
magnetic field with centre of circle at origin 0 of a three 
dimensional system. 

At / = 0, the particle was at (0,0.4m,0) and velocity was 
directed along positive x-direction. Another particle having 
charge q 2 =■ 1 coulomb and mass m 2 = 10 g moving uniformly 

40 

parallel to positive z-direction with velocity v 2 = —ms -1 
• it 

collides with revolving particle at t = 0 and gets stuck to it. 
Neglecting gravitational force and coulomb force, calculate x,y 

and z co-ordinates of the combined particle at = ^ second 


^-direction of velocity of combined particle is v x - 4 ms 


and z-direction. v, - “-ms 1 
2 n 

Due to \> K , combined particle tries to move clockwise along a 
circular path and due to v z it ties to move uniformly along z-axis. 
Therefore, its ultimate path becomes helix. Radius of this helix is 


R = (m 1 +w 2 )v i . 
(<h+q 2 )B 


= 0.2 m 


and period of revolution 


^ l7t(m\ +nh) 7T 
T = ——-— = — seconds 

(?i +4 2 )£ 10 


Axis of this helix is a straight line shown by point C in figure 
(b) whose equation is 


Sol: In three dimensional co-ordinates system, axes are assumed 
according to right hand screw rule. 

Consider such a system shown in figure (a). In this system 
positive z-direction is normal to plane of paper and is directed 
towards the reader. 


y 



Fig. 9.1% 


y 



y = 0] — R) = (0.4 -0.2) = 0.2m 

Angular displacement of particle, due to circular motion is 
$ - 2tz~- 


The particle is positively charged, centre of its circular path is 
at origin and when the particle is on positive y -axis, its velocity is 
directed along positive ^-direction, it means that the particle is 
moving clockwise in the figure (a). 

Since the particle is positively charged, therefore, current 
associated with its motion is also clockwise or along positive x- 
direction at (0, 0.4,0). 

Lorentz’s forces is towards origin. Therefore, according to 
Fleming’s left hand rule, magnetic induction B must be along 
positive z-direction. 

Radius of circular path followed by this particle is = 0.4 m 


^ m)V, „ m x v { _ _ ^ 

But r, = —=> B = —— = 0.5 T 

q\B <7,>| 


Now the second particle collides and gets struck with it. 
Velocity of combined particle can be found out by applying law of 
conservation of momentum. 


(m { =/n 1 vi 


(40xl0 -3 + 10xl0“ 3 )v 


= (40 x 10 -3 ) x 5/ + (10 x 10“ 3 ) — if 

7t 



^-coordinate of new position of combined.particle = R sin 6 
=0.2m, 

- OC-\-R cos 0 = 0.2 + 0 = 0.2 m 
and z-coordinate = v z t = 0.2m 


Position of combined particle at t = — seconds 

|| An electron accelerated by a potential 
difference V= 3 volt first enters into a uniform electric field of a 
parallel - plate capacitor whose plates extend over a length 1=6 cm 
in the direction of initial velocity. 

The electric field is normal to the direction of initial velocity and 
its strength varies with time as E = at, where a= 3600 Vm" 1 s" 1 . 

Then the electron enters into a uniform magnetic field of 
induction B - tux 10~ 9 T. Direction of magnetic field is same as 
that of the electric field. 

Calculate pitch of helical path traced by the electron in the 
magnetic field. (Mass of electron, m - 9 x 10 31 kg) 
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Sol. Since, electron is accelerated through a potential difference 
V, therefore its initial velocity v 0 is given by ~ wvq = eV 


2eV 

m 


(i) 


Since, initial velocity is parallel to plates or normal to the 
direction of electric field, therefore component of velocity parallel 
to plates remains constant as v 0 . 





E 





Fig. 9.198 

Hence, time taken by the electron to cross electric field is 
I 

Now consider motion of electron, normal to plates. 

eat 

At some instant f, its acceleration = — =- 

m m 

Let velocity component normal to plates to v y 

Then this acceleration is equal to — v 

dt y 


d eat , eat , 

— v= - or dv = —-dt 

dt y m y m 


But at initial moment * = 0, v =0 => f > dv v =—\ Q tdt 
y Jo y m Jo 


ea 2 txl 
= o 


© 


r 2m u 4V 
Angular deviation $ of electron from its initial direction of 
motion is shown in Fig. 9.199 



Now electron enters into magnetic field. Pitch of its helical 
path. 

cos(9O-0) 

eB 

n 2 nm . „ 2 Km 

P - -vstn# =- v v 

eB eB y 


rnnar 

2eBV 


— 1.215 cm 


EXERCISES 


Subjective Type 


Solutions on page 9JOS 


1 , A small current carrying loop having current i 0 is placed in 
■ the plane of paper as shown (Fig. 9.200). Another semicircular 
loop having current i 0 is placed concentrically in the same 
. plane as that of the small loop, the radius of semicircular 
loop being R (R » a). Find the force applied (in newton) by 
the smaller ring on the bigger ring. 



Fig. 9.200 
40 

(Given R = 1 m, i = i 0 = —= A , a = 0.1 m) 
jMo 


2. A non-conducting non-magnetic rod having circular cross 
section of radius R is suspended from a rigid support as 
shown in Fig. 9.201. A light and small coil of 300 turns is 
wrapped tightly at the left end of the rod where uniform 
magnetic field B exists in vertically downward direction. Air 
of density p hits the half of the right part of the rod with 
velocity V as shown in the Fig. 9.201. What should be 
current in clockwise direction (as seen from O) in the coil so 
that rod remains horizontal? Give answer in mA, given 


_2_ jxRB 
Lvy p 


= 1 A -l/2 


//////////// 


. AAAA 


Air 

1111 

' V 


■ o 


D 



L Ul" 

Lil * 


Fig. 9.201 
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3. A current / flows in a rectangularly shaped wire whose center 
lies at (x Qy 0,0) and whose vertices are located at the points A 
(x 0 + dy -a y -b) y B (x 0 -d, a y -b) t C (jc 0 -d, a , +b) and D (x 0 
+ dy -ay +b) respectively. Assume that a, b, d «^ 0 . Find the 
magnitude of magnetic dipole moment vector of the 
rectangular wire frame in tesla. (Given: &= 10m,j = 0.01 A , d= 
4 m, a = 3 m.) 

4. A small coil C with N = 200 turns is mounted on one end of a 
balance beam and introduced between the poles of an 
electromagnet as shown in the figure. The area of the coil is 
S= 1 cm 2 , the length of the right arm of the balance beam is 
l = 30 cm. When there is no current in the coil the balance is 
in equilibrium. On passing a current / = 22 mA through the 
coil, equilibrium is restored by putting an additional weight 
of mass m = 60 mg on the balance pan. Find the magnetic 
induction field between the poles of the electromagnet, 
assuming it to be uniform. 

\ » / 



Fig. 9.202 


5. A long, horizontal wire AB rests on the surface of a table and 
carries a current /. Horizontal wire CD is vertically above 
. wire AB, and is free to slide up and down on the two vertical 
metal guides C and D (as shown in Fig. 9.203). Wire CD is 
connected through the sliding contacts to another wire that 
also carries a current /, opposite in direction to the current in 
wire AB . The mass per unit length of the wire CD is X. To 
what equilibrium height h will the wire CD rise, assuming that 
magnetic force on it is due wholly to the current in wire AB ? 



A B 

Fig. 9.203 


6 . An elevator carrying a charge of 0.2 C is moving down with 
a velocity of 4 x 10 3 m/s. The elevator is 10 m from the bottom 
and 3 m horizontally from P as shown. What magnetic field 
(in jiT) does it produce at point P. 



Fig. 9.204 


7. In a trapeze-shaped structure, two rigid wires of negligible 
mass support a conducting bar of mass m and length L as 
shown in Fig. 9.205. A source of e.m.f. is applied to the wires 
so that a current /flows through the bar. A uniform magnetic 
Field B is perpendicular to the plane of the wires and bar. 



a. Compute the current that the source of e.m.f. must provide 
so that there is no tension in the wires, 
bk If the current is reduced to half the value computed in 
(a) and the plane of the structure is moved through an 
angle compute the tension in the wires and the 
magnitude of the net unbalanced force on the bar at the 
instant it is released from this angle. 

8 . A strong magnet is placed under a horizontal conducting 
ring of radius r that carries current i as shown in Fig. 9.206. If 
the magnetic field makes an angle Bwith the vertical at the 
ring's location, what are the magnitude and direction of the 
resultant force on the ring? 



9. A wheel with 4 spokes is placed with its plane perpendicular 
to a uniform magnetic Field B of magnitude 0.5 T. The field is 
directed into the plane of the paper and is present over the 
entire region of the wheel as shown in Fig. 9.207. When the 
switch S is closed, there is initial current of 6 A between the 
axis and the rim and the wheel begins to rotate. Resistances 
of the spokes are 1,2,4 and 8 f2, respectively. Resistance of 
rim is negligible. 

x'x X X X XX 



Fig. 9.207 
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a. What is the direction of rotation of the wheel ? 
h Radiusofthewheei is 0.2 m. Calculate initial torque acting 
on the wheel. 

10. A current/= 10 A flows in a ring of radius r 0 = 15 cm made of 
a very thin wire. The tensile strength of the wire is equal to T 
= 1.5 N, The ring is placed in a magnetic field, which is 
perpendicular to the plane of die ring so that the forces tend 
to break the ring. Find B at which the ring is broken, 

11. A positively charged particle, having charge q, is 
accelerated by a potential difference V. This particle moving 
along the x-axis enters a region where an electric field E 
exists. The direction of the electric field is along positive 
y-axis. The electric field exists in the region bounded by the 
lines* = 0and*-a. Beyond the )ine* = a(Le., in the region 
x > a\ there exists a magnetic field of strength B % directed 
along the positivey-axis. Find 



Fig. 9.208 


a at which point does the particle meet the line* = a. 
h the pitch of the helix formed after the particle enters the 
region x>a, 

(Mass of the particle is m.) 

12. Two long conducting rods suspended by means of two 
insulating threads as shown in Fig. 9.209 are connected at 
one end to a charged capacitor through a switch S> which in 
initially open. At the other end, they are connected by a loose 
wire. The capacitor has.charge Q and mass per unit length of 
the rod is X? The effective resistance of the circuit after 
closing the switch is R. Find the velocity of each rod when the 
capacitor is discharged after closing the switch. [Assume 
that ibe displacement of rods during the discharging time is 
negligible.] 



13. A charged particle +<7 of mass m is placed at a distance from 
another charged particle -2q of mass 2m in a uniform 
magnetic field# as shown in Fig. 9.210. If the particles are 
projected towards each other with equal speed v. 


X X X X 

m v v -2 <7,2 m 

c--<— -• 

X X , X X 

a 


X X X X 


X X X X 

Fig. 9.210 

a. find the maximum value of projection speed v m so that the 
two particles do not collide. 

h find the time after which collision occurs between the 
particles if projection speed equals 2v,„. 

c. Assuming the collision to be perfectly inelastic find the 
radius of the particle in subsequent motion. 

(Neglect the electric force between the charges.) 

14. A conducting wire of length T is placed on a rough 
horizontal surface, where a uniform horizontal magnetic field 
B perpendicular to the length of the wire exists. Least values 
of the forces required to move die rod when a current T is 
established in the rod are observed to be F i and F : 
(< F { ) for the two possible directions of the current through 
the rod, respectively. Find the weight of the rod and the 
coefficient of friction between the rod and the surface. 

15. A square loop of side a = 6 cm carries a current / - 30 A 
Calculate magnetic induction B at point P , lying on the axi; 
of loop and at a distance * = cm from the center of loop. 

16. Calculate magnetic induction at point O if the wire carrying i 
current / has the shape shown in Fig. 9.211. 


z 



Fig. 9.211 


(The radius of the curved part of the wire is equal to R an> 
linear parts of the wire are very long.) 



Solutions on page 9.W 


1. A neutron, a proton, an electron and an a-particle enter 
region of uniform magnetic field with equal velocities. Th 
magnetic field is perpendicular to the paper and directe 
into it. The tracks of particles are labeled in Fig. 9.212. Th 
neutron follows the track 
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a A h B 

cC d D 

2. A U tube of uniform square cross-sectional side a has 
mercury in it. Current / is passed between sealed electrodes 
x and y. A magnetic field B is applied across horizontal 
section perpendicular to the plane of diagram. The difference 
in mercury levels is [Given; r = density of mercury] 



Fig, 9,213 


2 Bl 

a. t~—' 

3 pga 

Bl 

C. - 

pm 


h 

d 


2 Bl 
Pm 
4BI 
pm 


3, An electron accelerated through a potential difference V 
passes through a uniform transverse magnetic field and 
experiences a force F. If the accelerating potential is 
increased to 2 V, the electron in the same magnetic field will 
experience a force 

a, F h FI2 

c. -s/2 F d 2 F 

4, An electron is moving along positive *-axis. To get it moving 
on an anticlockwise circular path in x-y plane, a magnetic 
field is applied 

a. along positive y-axis b, along positive z-axis 
c. along negative y-axis d, along negative z-axis 

5, Two particles X and Y having equal charges, after being 
accelerated through the same potential difference, enter a 
region of uniform magnetic field and describe circular paths 
of radii/? | and R 2 > respectively. The ratio of masses of X and 
Tis 

a. ( R x !R 2 )' n b. (R 2 /R { ) 

c.(R t /R 2 ? d .(Ry/Ri) 


6. A stream of electrons is projected horizontally to the right. 
A straight conductor carrying a current is supported parallel 
to the electron stream and above it. If the current in the 
conductor is from left to right, what will be the effect on the 
electron stream? 

a, The electron stream will be pulled upward 

lx The electron stream will be pulled downward 

c. The electron stream will be retarded 

d. The electron stream will be speeded up toward the right 

7, An electron of mass m is accelerated through a potential 
difference of V and then It enters a magnetic field of induction 
B normal to the lines. Then, the radius of the circular path is 


V m 


2 Vm 
eB 


2 Vm 
tB 1 
2Vm 
e 2 B 


8, An electron of mass 0.90 x 10“ 30 kg under the action of a 
magnetic field moves in a circle of 2.0 cm radius at a speed of 
3.0 x 10 6 ms _1 .Ifa proton of mass 1.8x 10" 27 kg was to move 
in a circle of the same radius in the same magnetic field, then 
its speed will be 

a. 3.0 x iC^ms" 1 
h 1.5 x 10 3 ms" 1 
c. 6.0 x 10 4 ms" 1 

d cannot be estimated from the same data 

9. A charged particle of mass 10" 3 kg and charge 10" 5 C enters a 
magnetic field of induction 1 tesla. If g = 10 m s" 2 , for what 
value of velocity will it pass straight through the field without 
deflection? 

a. 10" 3 ms _l h 10 3 ms _l 

c. i0 6 ms _1 d 1 ms" 1 

10. A particle of mass 2 x 10" 5 kg moves horizontally between 
two horizontal plates of a charged parallel plate capacitor b 
between which there is an electric field of 200 NC" 1 acting 
upward. A magnetic induction of 2.0 T is applied at right 
angles to the electric field in a direction normal to both 5 
and v. If g is 9.8 ms" 2 and the charge on the particle is 10 -6 
coulomb, then its velocity is 

a. 2 ms -1 h 20 ms" 1 

c. 0.2 ms" 1 d 100 ms -1 

11. A charged particle moves along a circle under the action of 

possible constant electric and magnetic fields. Which of the 
following are possible? 

a £=0,5 = 0 h £ = 0,5*0 

€,£■*0.5 = 0 d £*0,5*0 

12. The instantaneous acceleration of an election in a magnetic field 
5 = 2/ + 3j-f-4A is a = xl + j-k. What is the value of jc? 


a 0.5 lx 1 

c-2.5 d 1.5 


13, Two particles Y and Z emitted by a radioactive source at 
P made tracks In a could chamber as illustrated in the 
Fig. 9.189. A magnetic field acted downward into the paper. 
Careful measurements showed that both tracks were circular, 
the radius of Y track being half that of the Z track. Which one 
of the following statements is certainly true? 
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Fig. 9.214 

a. Both particles /and Z carried a positive charge 
b The mass of particle Z was one-half that of particle / 
c. The mass of particle Z was twice that of particle / 
d The charge of particle Z was twice that of particle / 

14. A potential difference of 600 V is applied across the plates of 
a parallel plate capacitor, plates being separated by 3 mm. 
An electron projected vertically parallel to the plates with a 
velocity of 2 x Items' 1 moves undeflected between the 
plated. The magnitude of the magnetic field in the region 
between the condenser plates is 


+ 

+ 

+ 

+ 

+ 


- 

+ 

© 

- 


Fig. 9.215 

a. 0.1 T h 0.2 T 

c. 2x 10 6 T d 600T 

15. A proton and an a-particle enter a uniform magnetic field 
perpendicular with the same speed. If the proton takes 25 ps 
to make 5 revolutions, then the periodic time for the a-particle 
would be 

a. 50 ps b. 25 ps 

c. 10 ps d* 5 ps 

16. A charge q coulomb moves in a circle at n revolutions per 
second and the radius of the circle is r meter. Then magnetic 
field at the center of the circle is 


2 nq 
nr 

2nnq 


a. —-xl0 -7 N A -1 m _l 
nr 


b. ^xKT’NA-'rrT 1 


xLCT 7 NA -1 rtf' d ^xNA~'nr‘ 


17. An elecrron is launched with velocity v in a uniform 
magnetic field B . The angle $ between v and B lies 

between 0 and ^ . Its velocity vector v returns to its initial 
value in a time interval of 


2 Km 

a. - 

eB 


h 


2 X 2 Tim 
eB 


c. —— d. depends upon angle between v and B 

eB 

18. Two charged particles having charges q y and q 2 and masses 
m { and are projected with same velocity in a region of 
uniform magnetic field. They follow the trajectory as shown 
inFig.9.191: 



From this, we can conclude that 
a. <?, > q 2 b. ?! < q 2 

c~ m y <m 1 d. none of these 

19. A charged particle is whirled in a horizontal circle on 
frictionless table by attaching it to a string fixed at one end. 
[f a magnetic field is switched on in the vertical direction 
the tension in the string 

a. will increase b. will decrease 

c. remains same d. may increase or decrease 

20. A charged panicle moves with velocity v = ai+dj in a 

magnetic Held B - Ar + Dj . The force acting on the panicle 
has magnitude F. Then. 

a. F= 0, if qD = dA. 

b. F= 0, if aD = -dA. 

c. F = 0. if aA - - dD . 

d. F p {a 2 + b 2 ) ul X (A 2 + D 2 ) {/1 

21. An electron is ejected from the surface of a long, thick 
straight conductor carrying a current, initially in a direction 
perpendicular to the conductor. The electron will 

a. ultimately return to the conductor 

b. move in a circular path around the conductor 

c. gradually move away from the conductor along a spiral 

d. move in a helical path, with the conductor as the axis 

22. A particle with a specific charge s is fired with a speed v 
toward a wall at a distance d> perpendicular to the wall. 
What minimum magnetic field must exist in this region for 
the particle not to hit the wall? 

a. visd b. 2v/sd 

c. v/2sd d. v!4sd 

23. A particle with charge Q. moving with a momentum p . enters 
a uniform magnetic field normally. The magnetic field has 
magnitude B and is confined to a region of width d % where 


d < The particle is deflected by an angle #in crossing 
the field. Then, 
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X X 
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X 
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X 


Fig. 9.217 


a. s\n& = 


BQd 


b. sin 9 - 


BQd 


■ Bp 
c. sin 9 - — 
Qd 


d. 


, pd 
sin 6 - — 
BQ 


24. Electrons moving with different speeds enter a uniform 
magnetic field in a direction perpendicular to the field. They 
will move along circular paths 

a. of the same radius 

h with larger radii for the faster electrons 

c. with smaller radii for the faster electrons 

d. either (b) or (c) depending on the magnitude of the 
magnetic field 

25. In the previous question, time periods of rotation will be 

a. the same for all the electrons 

b. greater for the faster electrons 

c. smaller for the faster electrons 

d. either (b) or (c) depending on the magnitude of the 
magnetic field 

26. A charged particle begins to move from the origin in a 
region which has a uniform magnetic field in theje-direction 
and a uniform electric field in the y-direction. Its speed is 
v when it reaches the point (x, y , z )■ Then, v will depend 

a. only on x b. only on y 

c. on both x and y, but not z d. on x> y and z 

27. Two metal strips of length ( each are placed parallel to each 
other in contact with an electric circuit as shown in Fig. 9.218. 
The entire structure is placed on a smooth horizontal floor in 
a region in which uniform magnetic field is existing in vertical 
direction. 



The distance travelled by the wire as a function of time is 
best given by 

\ EBb % c 

a. — x- xt for/O n and 

2 Rm 


A EBb / w ^ 
e+-—(t-t 0 ) for/> / 0 
Km 

1 EBb 2 

-x-xr 

2 Rm 


for all t 


1 EBb o 

c. — x-xr for t < / 0 and then the wire stops 

2 Rm 


1 EBb 2 r . 

-x-x/ for /</ 0 and 

2 2m 0 


o Ebb . 

N-X/ for/>/ ft 

Rm 0 


where / 0 


-i 


2 tmR 
EBb 


28. A particle of charge q and mass m is projected with a velocity 
v 0 towards a circular region having uniform magnetic field B 
perpendicular and into the plane of paper from point P as 
shown in Fig, 9.219 R is the radius and O is the centre of the 
circular region. If the line OP makes an angle #with the 
direction of v 0 then the value of v 0 so that particle passes 
through O is 

Magnetic field 



a. 


c. 


qBR 

Fig. 9.219 

h qBR 

msin 8 

U 4 

2m sin 9 

2 qBR 

3 qBR 
d. 

msin 9 

2m sin 9 


29. A particle of charge-1.6 x 10“ 18 C moving with velocity 10 
ms -1 along the Jt-axis enters a region where a magnetic field 
of induction B is along the y-axis, and an electric field of 
magnitude 10 Vm“ l is along the negative z-axis. If the 
charged particle continues moving along the jt-axis, the 
magnitude of B is 

a I0" 3 Wbm" 2 > 10 3 Wbm“ 2 

c. 10 2 Wbm“ 2 d lO l6 Wbm -2 

30. An electron moving with a speed u along the positive jc-axis 
at y = 0 enters a region of uniform magnetic field which 
exists to the right of y-axis. The electron exits from the region 
after some time with the speed v at coordinate y, then 


y 
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X 
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Fig. 9.220 
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a.v>w,y<0 hv = u>y>0 

c. v>w,y>0 d v = u>y<0 

31. An electron is accelerated from rest through a potential 
difference V. This electron experiences a force F in a 
uniform magnetic field. On increasing the potential 
difference to V\ the force experienced by the electron in the 
same magnetic field becomes 2F . Then, the ratio (V'lV) is 
equal to 


4 

a. - 
1 


b. B 
1 

1 


c.A d.- 

2 4 

32. A particle of charge q and mass m starts moving from the 

_ A ^ 

origin under the action of an electric field E = E 0 i and B 

^ ' A 

= B 0 l with a velocity v= v 0 j. The speed of the particle 
will become 2v 0 after a time 


a. t = 


c. / = 


2mv 0 

SBq 

mv« 


h t = 


d. t = 


2 Bq 
mv 0 

^/3mv Q 

qE 


33. A unifoirn magnetic field B = B 0 j exists in space. A particle 
of mass m and charge q is projected toward negative x-axis 
with speed v from a point (d> 0,0). The maximum value of v 
for which the particle does not hit the y-z plane is 

h Bqd 
dm 
Bq 


a. 


c. 


d. 


m 

Bqd 


2 dm 2m 

34. A conducting rod of mass and length i is placed over a 
smooth horizontal surface. A uniform magnetic field B is 
acting perpendicular to the rod. Charge q is suddenly passed 
through the rod and it acquires an initial velocity v on the 
surface, then q is equal to 

2mv _ Bt 

—r b. - 

Bt 2m v 

mv , Btv 


a. 


c. 


d. 


Bt 2m 

35. A charged particle enters a magnetic field at right angles to 
the magnetic field. The field exists for a length of 1.5 times 
the radius of the circular path of the plane. The particle will 
be deviated from its path by 

a. 90° b. sin _1 (2y3) 

c. 30° d 180 6 

36. A particle of charge per unit mass a is released from origin 

with velocity v = v Q i in a magnetic field 
V3 Vp 


B = -B 0 k 


for* < 


and B - 0 


for x > 


2 B§ot 

V3 v 0 
2 B 0 a 


The ^-coordinate of the particle at time/ > 


K 


3B 0 a 


would be 


a. 


& 


2 Bq@ 

Aji 

2 B 0 a 


Si 

+ — v o 




n 


- + v n 


c. 


£ 


2 B 0 a 


s 


2 

V 


i — 


/-■ 


B 0 a) 

x 

3 BqC£ 

7t 

3 B^Ctj 


2 B(,a 


37. A particle of charge per unit mass tfis released from origin 
with a velocity v = v Q i in a uniform magnetic field 

B = -B 0 L If the particle passes through (0, y, 0), then y is 
equal to 


a. -- 


2v 0 

B^a 

2 Vn 


h -2_' 
B 0 a 


c. 


d --2- 

B 0 a B 0 a 

38. Same current i = 2A is flowing in a wire frame as shown in 
Fig. 9.221. The frame is a combination'of two equilateral 
triangles ACD and CDE of side 1 m. It is placed in uniform 
magnetic field B = 4 T acting perpendicular to the plane of 
frame. 

The magnitude of magnetic force acting on the frame is 

x x x X x X 


a. 24N 
c. 16N 



d 8N 


39. An electron is moving along positive x-axis. A uniform 
electric field exists toward negative y-axis. What should be 
the direction of magnetic field of suitable magnitude so that 
net force on the electron is zero? 

a. Positive z-axis h Negative z-axis 

c. Positive y-axis d Negative y-axis 

40. A charged particle enters a uniform magnetic field with 
velocity vector at an angle of 45° with the magnetic field. 
The pitch of the helical path followed by the particle is p. 
The radius of the helix will be 
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y[lft 

P 


be 42 p 

, A? 


2k k 

41. A charged particle of specific charge (charge/mass) a is 

released from origin at rime /=0 with velocity v = v 0 (t + j ) in 
uniform magnetic field B = B 0 t. Coordinates of the particle at 
K 


time/ =-are 

B 0 a 




Vn 


c. 


2 B Q a 
2v 0 


aB, 


*0 B 0 a J 


\ 

/ n 2v 0 JVM 

BqCC '2tBqC£ J 


. 0 ; 0 


~Vq 

2B 0 a 


M n zh 

B 0 a' ' 


B 0 a 


42. Two identical particles having the same mass m and charges 
and -q separated by a distance d enter in a uniform 
magnetic fields directed perpendicular to paper inward with 
* speeds v, and v 2 as shown in Fig, 9.222. The particles will 
not collide if 


X 

X 

X 

X t 

O— ^ 



X . 

X ' 

X ’ 

X 

X 

X 

X 

X 

©- 

X 

X 

X 

X 


Fig. 9.222 


. m . . . . m . 

a d> —(Vi+v,) » d< —(v 1 +v 2 ) 

Bq Bq 

* d d,, ' = V! 

43. An infinitely long straight conductor is bent into the shape 
as shown in Fig. 9.223. It carries a current / ampere and the 
radius r of the circular loop is r meter. Then, the magnetic 
induction at the center of the circular loop is 



44. A rectangular current carrying coil is placed in a uniform 
magnetic field B such that the sides PQ and RS are parallel to B . 
If the current in the coil is 2 A, then the torque on the coil is 



a 2xl(T 3 Nm h 4x 10' 2 Nm 

c.4xl<r 3 Nm d 5x lO^Nm 

45, Two very thin metallic wires placed along X - and F-axes 
carry equal currents as shown in Fig. 9.225. AB and CD are 
■ lines at 45° with the axes with origin of axes at 0. The 
magnetic fields will be zero on the line 



Fig. 9.225 

a AB h CD 

c. segment OB only of line AB 

d. segment OC only of line CD. 

46. A and B are two concentric circular conductors with center 0 
and carrying currents /j and / 2 as shown in Fig. 9.226. The 
ratio of their radii is 1; 2 and ratio of their flux densities at O 


is 1:3. The value of — is 



47. In Fig. 9.227, two long parallel wires carry equal currents in 
opposite directions. Point 0 is situated midway between the 
wires. The X-Y plane contains the two wires and the 
positive Z-axis comes normally out of the plane of paper. 
The magnetic field B at O is non-zero along 
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Fig* 9.227 


a. X-axes, K-axesandZ-axes h X-axis 
c. y-axis d -Z-axis. 

48. Two long parallel wires are at a distance 2d apart. They carry 
steady equal currents flowing out of the plane of the paper 
as shown in Fig. 9.228. The variation of magnetic field B 
along the line XX' is given by 




a. b, 



49. A straight section PQ of a circuit lies along the x-axis from 
x = -(a/2) to x = +(af 2) and carries a steady current /. The 
magnetic field due to the section PQ at a point x = +a 
will be 

a proportional to a h proportional to a 2 

c. proportional to (1 let) d equal to zero 

50. A circular current carrying coil has a radius./?. The distance 
from the center of the coil on the axis where the magnetic 
induction will be (1/8)^ of i ts value at the center of the coil, is 

a. R/yJ 3 b. Ryfi c. 2R-S d. (2n/3)* 

51. A square conducting loop of side length L carries a current 
/. The magnetic field at the center of the loop is 

a. independent of L h proportional to 

c. inversely proportional toL d linearly proportional to L 

52. The plane of a rectangular loop of wire with sides 0.05 and 
0.08 m is parallel to a uniform magnetic fieid of induction 1.5 
x 10- 2 T. A current of LO.O ampere flows through the loop. If 
the side of length 0.08 m is normal and the side of length 0.05 


m is parallel to the lines of induction then the torque acting 
on the loop is 

a. 6000 Nm h zero 

c. L2x 10 _2 Nm d tixlO^Nm 

53. A current of 1/(4;*) ampere is flowing in a long straight 
conductor. The line integral of magnetic induction around a 
closed path enclosing the current carrying conductor is 
a. 10“ 7 Wb m _l 
h 4;rx 10" 7 Wbm' 1 
c. 16^x 10" 7 Wbm" 1 


d zero 

54. Two circular coils P and Q are made from similar wires but the 
radius of Q is twice that of F. What should be the value of 
potential difference across them so that the magnetic 
induction at their centers may be the same? 


fcV 4 = 2V, 
c.V ? = 4V, 


b Vq=3 V p 


55. A circular loop is kept in that vertical plane which contains 
the north-south direction, It carries a current that is toward 
north at the topmost point. Let A be a point on the axis of the 
circle to the east of it and B a point on this axis to the west of 
it. The magnetic field due to the loop 

a. is toward east at A and toward west at B 

b. is toward west at A and toward east at B 

c. is toward east at both A and B 

d is toward west at both A and B 

56- A current / is uniformly distributed over the cross section of 
a long hollow cylindrical wire of inner radius and outer 
radius R 2 . Magnetic field B varies with distance r from the 
axis of the cylinder as 



B 

1 



B B 


c. 


r 


d. 





Fig. 9.229 

57, Two parallel wires carry currents of 20 and 40 A in opposite 
directions. Another wire carrying a current antiparallel to 20 
A is placed midway between the two wires. The magnetic 
force on it will be 

2 l toward 20 A h toward 40 A c. zero 
d perpendicular to the plane of the currents 

58. The resistances of three parts of a circular loop are as shown 
in Fig. 9,230. The magnetic field at the center O is 
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6a 


3 a 


3 a 


d zero 


59. Five very .long, straight insulated wires are closely bound 

together to form a small cable. Currents carried by the wires 
'are; I { = 20 A, I 2 = -6 A, / 3 = 12 A, I A = -7 A, / 5 = 18 A. 
[Negative currents are opposite in direction to the positive.] The 
magnetic field induction at a distance of 10 cm from the cable is 
a. 5 |lT b. 15 |xT c. 74 pT d. 128 [XT 

60. The magnetic induction at the center 0 (Fig. 9.206) is 





2 a 2b 

8 a 8 b 

c W_/V 0 

3 Mol Ual 

8a 8 b 

I 

OO 

00 


0 


61. The magnetic field at the center 0 of the arc in Fig. 9.232 is 

/ 





/ 

C. T'-x- 

An r 


Mo 




4 n r l 

62. In Fig. 9.233, there are two semicircles of radii rj and r 2 in 
which a current 1 is flowing. The magnetic induction a the 
center 0 will be 



c /V 

/ , \ 

r \ + *2 

«. fii. 

1. 

4 

{ r \ r i ) 

4 

V hh J 


63. Three long, straight and parallel wires are arranged as shown 
in Fig. 9.234. The force experienced by 10cm length of wire Q 
is 


2 cm 


10 cm 


20 A 


10 A 

Fig. 9.234 


30 A 


a. 1.4 x 10" 4 N toward the right 

b. 1.4 x 10 -4 N toward the left 

c. 2.6 x 10" 4 N toward the right 
d 2,6 x 10 -4 N toward the left 

64. Two long thin wires ABC and DEF are arrange as shown 
in Fig. 9.235. They carry equal currents / as shown. The 
magnitude of the magnetic field at O is 






F 






/ 


A 

B 



i 4 

D 



k 

ft! 

t_ 

0 

E 



/> 






Fig. 9.235 

a. zero ' h ii^!4m 

c. ji^lUna d 

65. The magnetic field at O due to current in the infinite wire 
forming a loop as shown in Fig. 9.236 is 
/ 



Fig. 9.236 
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a ^4(cos^+cos^) h — — (tanA + tan^) 

4 nd 4 n d 

c.— (sin$ +sln^) d — -(cosfl +$in# 2 ) 

4 nd ' 4 nd 

66. A current / flows a thin wire shaped as regular polygon of n 
sides which can be inscribed in a circle of radius R> The 
magnetic field induction at the center of polygon due to one 


side of the polygon is 


* ^L, £ ] 

Uni n 

h -^-2—tan — 

. ^r/? ly. n J 

4 nR n 

c 

/J 0 I ( ^ 

2 nR\ n) 

2ft R\ n) 


67. A coil having N turns is wound tightly in the form of a spiral 
with Inner and outer radii a and b> respectively. When a 
current i passes through the coil, the magnetic field at the 
center is 

a, ^ b. 2 ^ NI 

b * a 

2 (a-b) a 2 (b-a) a 

68. A loop of flexible conducting wire of length t lies in 
magnetic field B which is normal to the plane of loop. A 
current I is passed through the loop. The tension developed 
in the wire to open up is 


ft . 

t Bit 

a. -Bit 

b. - 

2 

2 

Bit 


c. - 

d. Bit 

2ft 



69. Fig. 9.237 shows three long straight wires P> Q and R normal 
to the plane of the paper. Wires P and R carry currents 
directed into the plane of the paper, and wire Q carries a 
current directed out of the paper. All three currents have the 
same magnitude. 



Fig. 9.237 

Which arrow best shows the direction of the resultant force 
on wire P ? 

a. A b. B 

c- C d. D 

70. A wire is bent in the form of a circular arc with a straight 
portion AB. Magnetic induction at O when current / is 
flowing in the wire, is 



Fig. 9.238 


—Or-0+tan#) 

2 r 

h ^-(n+0-\m0) 

2 nr 

^.(ff-0+tan ff) 

2 nr 

2 nr 


71. The field normal to the plane of a wire of n turns and radius 
r which carries a current / is measured on the axis of the coil 
at a small distance h from the center of the coil This is 
smaller than the field at the center by the fraction 

. 3 h 2 . 2 h 2 3 r 2 ■ 2 r 2 

fl- “ h t ~ C. a _ 

2 r 2 3 r 2 2 h 2 3 h 2 

72. Two identical wires A and B have the same length t and carry 
the same current /. Wire A is bent into a circle of radius R and 
wire B is bent to form a square of side a . If B { and B 2 are the 
values of magnetic induction at the center of the circle and 
the centre of the square, respectively, then the ratio B j fB 2 is 

a(^/8) h (^/8v/2) 

c. (>P/16) d |V/I6x/2) 

73. Two circular coils X and T, having equal number of turns and 
carrying equal currents in the same sense, subtend same 
solid angle at point 0. If the smaller coil X is midway between 
O and Y and if we represent the magnetic induction due to 
bigger coil Tat 0 as B y and that due to smaller coil X at O as 
B X i then 



Fig. 9.239 

. —=2 = i 

B x B x B x 2 B x 4 

74. A conducting rod of length £ and mass m is moving down a 
smooth inclined plane of inclination 0 with constant velocity 
v. A current i is flowing in the conductor in a direction 
perpendicular to paper inward. A vertically upward magnetic 
field B exists in space. Then, magnitude of magnetic field 
8 is 
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mg . . 
& —7-81110 
it 


h. ^tan* 


c. 


tttgCOSfl 


d. 


a 

mg 


it ~ it sin& 

75, A given length of wire can be bent to form a circle or a 
square of single tum and a current may be established in it. 
The ratio of magnetic induction at the center of the square 
to the magnetic induction at the center of circle is 


a. 


n 


b. 


4>/2 


c. 


jr_ 

s/2 


d. 1 : 1 


2-Jl ft* 

76. Pour infinite thin current carrying sheets are placed in YZ 
plane. The 2D view of the arrangement is as shown in 
Fig. 9.241. Direction of current has also been shown in the 
figure. The linear current density, i.e., current per unit width 
in the four sheets are /, 27, 3/ and 47, respectively. 



*~x 


Fig. 9.241 

The magnetic field as a function of x is best represented by 


Fig. 9.242 ( Contd ,) 
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1 'l j 

i 

1 1 
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2! 

3i 4b 5a 

! ! ! 
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d. 

Fig. 9.242 

77. A square loop of wire carrying current 7 is lying in the plane 
of paper as shown in Fig. 9.243. The magnetic field is present 
in the region as shown. 





Fig. 9.243 
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The loop will tend to rotate 

a. about PQ with KL coming out of the page 

b. about PQ with KL going into the page 

c. about RS with MK coming out of the page 

d. about RS with MK going into the page 

78. An electric current i enters and leaves a uniform circular 
wire of radius a through diametrically opposite points. A 
charged panicle q moving along the axis of the circular wire 
passes through its center at speed v, The magnetic force 
acting on the particle when it passes through the center has a 
magnitude 

* fifjt /V a 

a. wx— h avx-^- 2 - c. avx — d zero 
2a 2na a 

79. A conducting loop is placed in a magnetic field (uniform) as 
shown in Fig. 9.219. 



Fig. 9.244 

For this situation, markout the correct statement, 
a. The force of compression experienced by loop is 1RB 
h The force of compression experienced by loop is 2 IRB 
c. The force of expansion experienced by loop is IRB 
d The force of expansion experienced by loop is 2 IRB 

80. A steady current is flowing in a circular coil of radius R f 
made up of a thin conducting wire, The magnetic field at the 
center of the loop is B L . Now, a circular loop of radius RIn Is 
made from the same wire without changing its length, by 
unfolding and refolding the loop, and the same current is 
passed through it. If new magnetic field at the center of the 
coil is Br y then the ratio BJB C is 

a. 1 : ir b. n m 

c. n : l d. none of these 

81. The magnetic field at the center of the circular loop as shown 
in Fig. 9.245, when a single wire is bent to form a circular loop 
and also extends to form straight sections, is 



2 R 




2 R 


1 + 


W2 

1 


d - 


'"Wi)® 

82, Two parallel wires carrying equal currents in opposite 
directions are placed at x = ±a parallel to y-axis with z = 0, 
Magnetic field at origin O is B { and at P (2a, 0, 0) is B v 
Then, the ratio B\!B 2 is 


a. -3 


b -2 


c. — — d 2 

3 

83. Fig. 9.246 shows three cases: in all cases the circular part has 
radius r and straight ones are infinitely long. For the same 
current the field B at center P in the three cases (B^: - 

B 3 ) is 



CD 




84. An otherwise infinite, straight wire has two concentric loops 
of radii a and b carrying equal currents in opposite 
directions as shown in Fig. 9.247, The magnetic field at the 
common center is zero for 
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a tf-1 

a b 7t 
a _ n-\ 
b 7T+1 


. a rt 

h -=- 

b 1 

, a x+ 1 

a — =- 

b it-\ 


85. Currents /1 and / 2 flow in the wires shown in Fig. 9.248, The 
field is zero at distance x to the right of O. Then 


O ' (a. 0) I 2 


(-A.0) 


Fig. 9.248 


& JC = 


C, X = 






h h 


d x = 


U-'J 


v. h + h ) 

86. For c = 2a and a < b < c, the magnetic field at point P will be 
zero when 


a. a = b 



1 


c, a = ~b dL a = -b 

3 3 

87. An infinitely long conductor PQR is bent to form a right 
angle as shown in Fig. 9.250. A current 7 flows through PQR. 
The magnetic field due to this current carrying conductor at 
the point M is B { . Now, another infinitely long straight 

conductor QS, is connected at Q so that the current is — 7 in 

2 

QR as well as in QS, the current in PQ remaining unchanged. 


The magnetic field at M is now B 2 . The ratio — is given by 


B , 


iW 


90“ 


Q. 


90“ 


Fig. 9.250 

a. 1/2 hi 

c, 2/3 d 2 

88. The magnetic field due to a current carrying circular loop of 
radius 3 cm at a point on the axis at a distance of 4 cm from 
the center is 54 mT, Its value at the center of the loop will be 

a. 250 |lT h 150 pT 

c. 125 JiT d 75 jiT 

89. Two concentric coils, each of radius equal to 2 p cm, are 

placed at right angles to each other. Currents of 3 and 4 
A, respectively, are flowing through the two coils. The 
magnetic induction, in Wb m -2 , at the center of the coils will 
be [fa =4;rxKr 7 Wb(Am)- 1 ] 

a. 5x 10 _s b. 7 x 10' 5 

c. 12x 10" J d. 10" 5 

90. A wire carrying current 7 and an other carrying current 2 7 in 

the same direction produce a magnetic field B at the mid¬ 
point. What will be the field when current 27 is switched off ? 
a. .8/2 b. 25 

c.8 d. 45 

91. A uniform current carrying ring of mass m and radius R is 
connected by a massless string as shown in Fig. 9.251. A 
uniform magnetic field 8 0 exists in the region to keep the ring 
in horizontal position, then the current in the ring is 
(/ = length of string) 



mg 

xRBc, 


mg 

RBn 


c. 


mg 

3 XRBr. 


d. 


mg_e 

zR 1 B n 


92. A long, straight, hollow conductor (tube) carrying a current 
has two sections A and C of unequal cross sections joined 
by a conical section 8. 1,2 and 3 are points on a line parallel 
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to the axis of the conductor. The magnetic fields at 1,2 and 3 
have magnitudes B \, B 2 and By Then* 



Fig* 9.252 

a. B { =B'2 = B y 
b* —B^B$ 
c« < B 2 ** B\ 

d. B 2 cannot be found unless the dimensions of the section 
B are known 

93. A coaxial cable consists of a thin inner conductor fixed along 
the axis of a hollow outer conductor. The two conductors 
carry equal currents in opposite directions. LetBj and B 2 be 
the magnetic fields In the region between the conductors 
-iftd outside the conductor, respectively. Then* 
fl. b. Bt=B 2 = 0 


c. B\&0 t B 2 *0 


d* e= 0, B 2 ^0 


94, A conductor AB of length L carrying a current I\ is placed 
perpendicular to a long straight conductor XY carrying a 
current /, as shown in Fig. 9.228, The force on AB has 
magnitude 


V B 


til 


Fig* 9.253 


ju 0 /7 


c. 


2k 
3/V7 

2k 


log 2 


*>/7 


. 3 
log- 


2 n 
2ft,/'/ 

3 K 


log 3 


95* A circular coil having mass m is kept above the ground 
(x-z plane) at some height. The coll carries a current / in the 
direction shown in Fig, 9,254. In which direction a uniform 

magnetic field 8 be applied so that the magnetic force 
balances the weight of the coil? 

t 


C 




a. 


A* Positive ^-direction ■ B. Negative x-direction 

c* Positive z-direction d None of these 

96* The magnetic field at the center of an equilateral triangular 
loop of side 2 L and carrying a current / is 

9Mpl , b 

4k L 4kL 

c 2-Jifoi ^ W 

nL AnL 

97. Two wires AO and OC carry equal currents i as shown in 
Fig. 9.255. One end of both the wires extends to Infinity. 
Angle AOC is a. 



Fig. 9.255 

The magnitude of magnetic field at a point P on the bisector 
of these two wires at a distance r from point 0 is 


Po 

2ji 


BlL 

2n r 


Ml) 


b. --cot 
4 it r 


(C 






98. Equal currents / = 1 A are flowing through the wires parallel 
to y-axis located at x = +1 m, x = +2 m, x - +4 m* etc. but in 
opposite directions as shown in Fig. 9*256. The magnetic 
field (in tesla) at origin would be 


Fig. 9*256 


a, -l,33x 10 -7 k 


b. 1.33X10" 7 k 


c. 167x ICT 7 k d. -2.67xlO" 7 k 

99. Same current / is flowing in three infinitely long wires along 
positive and z-directions. The magnetic field at a point 
(0, 0, -a) would be 

„ Pt> / 


A A 


Pot A , * 
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100. Two very long straight parallel wires carry steady currents i 
and 2 i in opposite directions. The distance between the 
wires is d. At a certain instant of time, a point charge q is at 
a point equidistant from the two wires in the plane of the 
wires. Its instantaneous velocity v is perpendicular to this 
plane. The magnitude of the force due to the magnetic field 
acting on the charge at this Instant is 

. Mo^ K MoW 


2nd 


d zero 


101. A metallic wire Is folded to form a square loop of side a, It 
carries a current i and is kept perpendicular to the region of 
uniform magnetic field B. If the shape of the loop is changed 
from square to an equilateral triangle without changing the 
length of the wire and current, the amount of work done In 
doing so is 


a. Bla 2 



h Bid 1 




d zero 


102. A charged particle moving along -t- ve x-direction with a 
velocity v enters a region where there is a uniform magnetic field 

B a (-£], from x = 0 to x = d. The particle gets deflected at an 

angle dfrom its initial path. The specific charge of the particle is 

<2> ® <2> © b 



Fig. 9.257 


VCOS0 



h 


vtanfl 

Bd 


d 


vsin# 

Bd 


103. Two infinite wires, carrying currents i, and ij, are lying along 
x- and y-axes, as shown in the x-y plane. Then, 



Fig. 9.258 

a. locus of points where B is zero is a circle 

h locus of points where B is zero is a line 

c. B decays hyperbolically along any line parallel to 


d B decays hyperbolically along any line parallel toy-axis 

104. In Fig. 9.259, a coil of single turn is wound on a sphere of 
radius r and mass m, The plane of the coil is parallel to the, 
inclined plane and lies in the equatorial plane of the sphere. 
If the sphere is in rotational equilibrium, the value of B is 

[Current in the coil is /] 



mg k mg sin t 

nlr nl 


mg sin 6 

Ci - 

ni 


d none of these 


105. Three particles, an electron (e), a proton (p) and a helium 
atom (He) are moving in circular paths with constant speeds 
in thex-y plane in a region where a uniform magnetic field B 
exists along z-axis. The times taken by e, p and He inside the 
field to complete one revolution are t c , t f and r Ho respectively. 
Then, 

c. / Hc = / p = i t d none of these 

106. A long cylindrical wire of radius V carries a current l 
distributed uniformly over its cross section. If the magnetic 
fields at distances > and R from the axis.have equal 
magnitude, then 


K+r . rr- 

a. a = —— h a = yRr 

2 

c»aaRr/R + r &a = RVr 

107. A small current canying ring, having current / 0 and radius R, 
is kept in x-y plane (the plane of paper) as shown in 
Fig. 9.260. Another current carrying small ring having radius 
r (r « R) is kept at a distance d from the center of first ring in 
a plane perpendicular to x-y plane such that the centers of 
both rings lie on the same line. The torque acting on the 
second ring due to the magnetic field of first ring is 



Fig. 9.260 

*4 n d 3 * 4 d 3 
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2 


Ma V'flV 


4 rf 3 

108. The rigid conducting thin wire frame carries an electric 
current / and this frame is inside a constant magnetic field B 
as shown in Fig. 9.261. Them 
Q 



Fig. 9.261 

a the net magnetic force on the frame is zero but the torque 
is not zero 

h the net magnetic force on the frame and the torque due to 
magnetic field are both zero 

a the net magnetic force on the frame is not zero and the 
torque is also not zero 

d, none of these 

109. An electron moving in a circular orbit of radius R makes n 
rotations per second. The magnetic field strength at the 
center has magnitude 

a. lM ° ne h. 

R 2 R 

fW£ 

7lR 

110. Pig. 9.262 shows a conducting loop ABCDA placed in a 
uniform magnetic field (strength B ) perpendicular to its 
plane. The part ABC is the (3/4) ,h portion of the square of 
side length t . The part ADC is a circular arc of radius R. The 
points A and C are connected to a battery which supplies a 
current / to the circuit. The magnetic force on the loop due to 
the field B is 


c. 


d zero 



a. zero 


c. 2 BIR 


Fig. 9.262 

h Bit 
. BUR 
d l + R 

111. Two infinite long wires, each carrying current /, are lying 
along x- and y-axis, respectively, A charged particle, having 
a charge q and mass m, is projected with a velocity u along the 
straight line OP t The path of the particle is (neglect gravity) 




o i 

Fig. 9.263 


a straight line h circle 

c. helix d, cycloid 

112. A small block of mass m, having charge q , is placed on a 
frictionless inclined plane making an angle 6 with the 
horizontal, There exists a uniform magnetic field B parallel to 
the inclined plane but perpendicular to the length of spring. 
If m is slightly pulled on the incline in downward direction, 
the time period of oscillation will be (assume that the block 
does not leave contact with the plane) 



d. In 

113. A uniform conducting rectangular loop of sides t , b and 
mass m carrying current i is hanging horizontally with the 
help of two vertical strings, There exists a uniform horizontal 
magnetic field B which is parallel to the longer side of loop, 
The value of tension which is least is 





mg - 2 iBb * mg + 2Bb 

C ' 2 . 2 
114, In Fig. 9.266, infinite conducting rings each having current i 
in the direction shown are placed concentrically in the same 
plane as shown in the figure, The radii of rings are r, 2r, 2V, 
2 3 r,.., ,oo. The magnedc field at the center of rings will be 


06 
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115, A particle of specific charge — = n Ckg" 1 is projected from 

m 

. the origin towards positive x-axis with a velocity of 10 ms" 1 in 
a uniform magnetic field B = -2k T The velocity v of 

particle after time t = — swill be (in ms" 1 ) 

12 

tL5t?+N/3j] hs[>/5f+J] 

c.5(s (ll-h d. S[f + j] 

116. There is a conducting ring of radius R. Another ring having 
current / and radius r ( r « R) Is kept on the axis of bigger 
ring such that its center lies on the axis of bigger ring at a 
distance x from the center of bigger ring and its plane Is 
perpendicular to that axis. The mutual inductance of the 
bigger ring due to the smaller ring is 

Ma*R*r* 

(R i + x i ) 3n 4 (R 2 + x 2 j in 


16(^+x 2 ) 3/2 2 (K 2 +*V /2 

117. There is a horizontal cylindrical uniform but time-varying 

dB 

magnetic field increasing at a constant rate — as shown in 

Fig, 9,267. A charged particle having charge q and mass m is 
kept in equilibrium, at the top of a spring of spring constant 
K t in such a way that it is on the horizontal line passing 
through the center of the magnetic field as shown in the 
figure. The compression in the spring will be 



a. 


_1_ 

K 


mg- 


qR % dB 
21 dt 


h 


_L 

K 


mg + 


qR 7 dB 

l dt, 


c. 


mg + 


2qtf_dB 

i dt 



mg + 


gfl 2 dB 

It dt 


118. A charged particle of mass 2 kg and charge 2 C moves with 


a velocity v « 8f + 6j ms -1 in a magnetic field B = 2k T. 
Then 

a. the path of particle may be x 1 + y 2, = 25 

b. the path of particle may be x 1 + z 2 = 25 

c. the time period of particle will be 3.14 s 
<L none of these 

119. In Fig. 9.268, there is a uniform conducting structure in 
which each small square has side a. The structure is kept In 
a uniform magnetic field B. Then 



Fig. 9.268 

a. the magnetic force on the structure is 2^2 iBa 
h the potential of point B = potential of point D 
c. potential of point 0 = potential of point B 

d the magnetic force on the structure is \[2 IBa 

120. A very long straight conducting wire, lying along the i- axis, 

carries a current of 2 A. The integral §Bd~t Is computed 

along the straight line PQ, where P has the coordinates 
(2 cm, 0, 0) and Q has the coordinates (2 cm, 2 cm, 0). The 
Integral has the magnitude (in S.I. units) 
a. zero h 8tfxl0' 7 

c. 2/rx 1CT 7 d trx HT 7 

121. A long wire bent as shown in Fig. 9.269(a)carries current/. If 
the radius of the semicircular portion is a, the magnetic field 
at the center C is 



c &L + 3L 

4 a 4 tea 


Ana 


122. A long straight wire and a circular loop carry currents I { and 
/ 2 , respectively, and are in the same plane. If the magnetic 
field at the center of the loop is zero, then 
a. l x -2nl 2 h 7| - 2I 2 


c* A — 7? 


d / 2 - 2#/1 


123. A charged particle moves Insides a pipe which is bent as 


my 


shown in Fig. 9.269(b). If R < — , then force exerted by the 

qB 

pipe on charged particle at P is (Neglect gravity) 




<8>B 


Fig. 9.269(b) 
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a. Towards center ta, away from center 

c. zero d none of these 

124, An infinitely long current carrying wire carries current i. 
A charge of mass m and charge q is projected with speed v 
parallel to the direction of current at a distance r from it, 
Then, the radius of curvature at the point of projection is 
2 rmv . 2^rwv 

- hx - 

mi 


a. 


m i 

c. r d. cannot be determined 

125. Two positive charges q x and q 1 are moving with velocities 
Vj and v 2 when they are at points A and B t respectively, as 
shown in Fig. 9,270, The magnetic force experie-nced by 
charge q ] due to the other charge q t is 


(-a, 0)P| 

rr- 


I ft 

3 

Fig. 9.270 


c. 


i-Jind 1 

idina 1 


r& — 


na 


126. Consider a hypothetic spherical body, The body is cut into 
two parts about the diameter. One of hemispherical portion 
. . has mass distribution m while the other portion has identical 
charge distribution q. The body is rotated about the axis With 
constant speed eo. Then, the ratio of magnetic moment to 
angular momentum is 



Fig. 9.271 


2m 


h > — 


2m 

q 

c. < — d, cannot be calculated 

/ 2m 

127. A particle of charge per unit mass a is released from origin 
with velocity V = -V 0 j in a magnetic field 
\/3 v 0 


B- -B n k forx£ 


2 B^a 


and B =0 forx> 




Vo 


2 

The je-coordinate of the particle at time t 
be 


/ \ 

it 


would 


b. 


s 

v 0 

2 

B 0 a 

s 

V Q 

2 

B 0 a 

S 

Vo, 

2 

B 0 a 

73 

VO 

2 

B 0 a 


+ T *0 


/-■ 


Bo*, 


+ Vr, 






t — 


\ 


n 

3 B 0 a) 

ft 

3 B n a 


2 

128. The circular coils A and B with their centers lying on the 
same axis have same number of turns and carry equal 
currents In the same sense. They are separated by a distance, 
have different diameters but subtend same angle at a point P 
lying on their common axis. The coil B lies exactly midway 
between coil A and the point P. The magnetic fields at point 
P due to coils A and B are B- and fl 2 , respectively. The ratio 


B t /B 2 is 


b. Bi < Bj 


a. fli > B 2 

c. 5) / = 2 d. 2?! / = 1 / 2 

129. Consider six wires coming into or out of the page, all with the 
same current. Rank the line integral of the magnetic field 
(from most positive to most negative) taken counter¬ 
clockwise around each loop shown. 



a. B>C>D>A h B>C=D>A 

c.B>A>C = D d ,C>B = D>A 

130. A positively charged disk is rotated clockwise as shown in 
Fig. 9.273, The direction of the magnetic field at point A in 
the plane of the disk is 



Fig. 9.273 
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a. & (into the page) h 3/4 —> 

c. <-3/4 d0 (out of the page) 

131. An electron and a proton each travel with equal speeds 
around circular orbits in the same uniform magnetic field as 
indicated (not to scale) in Pig. 9,274. The field is into the 

page on the diagram. The electron travels_around 

the circle and the proton travels _ 

around the circle. 

/ \ 

i i ® ! 1 


Fig. 9.274 

a, clockwise, smaller, counterclockwise, larger 
h counterclockwise, larger, counterclockwise, smaller 
c. clockwise, larger, counterclockwise, smaller 
d counterclockwise, larger, clockwise, smaller 

132. Fig. 9.275 shows two long wires carrying equal currents /j 
and l 2 flowing in opposite directions. Which of the arrows 
labeled A to D correctly represents the direction of the 
magnetic field due to the wires at a point located at an equal 
distance d from each wire? 

/, 



a A h B c. C & D 

133. Fig. 9.276 shows four different sets of wires that cross each 
other without actually touching. The magnitude of the 
current is the same in all four cases and the directions of 
current flow are as indicated, for which configuration will 
the magnetic field at the center of the square formed by the 
wires be equal to zero? 




134. When a charged particle moving with velocity v enters a 
region containing a perpendicular magnetic field, it moves 
along a semicircular path of radius V as shown in Fig. 9211. 
Consider the following two statements: 

(I) The radius V* of the semicircle is proportional to the initial 
speed v. 

(II) The time required for the particle to traverse the semicircle 
is independent of v. 

Then, 



© 

© 

© 

© 

© 


A, I is true, but II is incorrect. 

B. I is incorrect while II is true. 

C I is true, II js also true and the two statements are 
independent. ■ 

D, I is true, n is also true and II is the cause of I. 

135. Four parallel conductors, carrying equal currents, pass 
vertically through the four comers of a square WXYZ . In 
two conductors, the current is flowing into the page, and in 
the other two out of the page. In what directions must the 
currents flow to produce a resultant magnetic Field in the 
direction shown at 0> the center of the square ? 


W 

f- 


X 

-t 


*-• o 

Resultant 
■magnetic field 


*- 

2 


-i 

y 


Fig. 9:278 


Into the page 
a. Wand Y 
h X and Z 

c. WandZ 

d. WandX 


Out of the page 

XandZ 
Wand Y 
X and Y 
VandZ 


136. In a region of space, a uniform magnetic field B exists in the 
jc-direction. An electron is fired from the origin with its 
initial velocity u making an angle a with the y-direction in 
the yz plane.' In the subsequent motion of the electron, 



Fig. 9.276 


Fig. 9.279 
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a. ^-coordinate of the electron will never be negative 

b. z-coordinate of the electron will never be negative 

c. ^-coordinate of the electron will never be negative 

d. trajectory of the electron would be helical 

137. An infinitely long wire carrying current I is along y-axis 
such that its one end is at point A (0, b) while the wire 
extends upto +°°. The magnitude of magnetic field strength 
at point (rz> 0) is 


/V 

Ana 

/vi 


( 0 . 0 )! 


1 + 




a 2 +b 2 


(o.O) 


Fig. 9.280 


Mpl 

Ana 


1- 




b 


d none of these 


“ 47+y 2 ) 

138. A steady current is set up in a cubic network composed of 
wires of equal resistance and length d as shown in Fig. 9.281. 
What is the magnetic field at the center P due to the cubic 
network ? 


b c 



.AH' h*4i- c.o di" 

An d An^J2d An d 

139. An electron moving with velocity v along the *-axis 
approaches a circular current carrying loop as shown in 
Fig. 9.282. The magnitude of magnetic force on the electron at 
this instant is 



fi$ eviR 2 x 
“■ 2 (jc 2 +* 2 ) 3 ' 2 

eviR 2 x 

An(x 2 +R 2 ) m 


fc Mo 


eviR 2 x 
( x 2 + fl 2 ) 3 ' 2 


d 0 


140. If a charged particle of charge to mass ratio — = a enters in 

Yi\ 

a magnetic field of strength B at a speed v = (2ctd)(B) t then 


q!m = a 


4 d 

®®®® 

®®®® 

®®@® 

®®®® 

®®®® 


Fig. 9.283 

a angle subtended by the path of chargd particle in magnetic 
field at the center of circular path is In 

h the charge will move on a circular path and then will come 
out from magnetic field at some distance from the point of 
insertion 

c. the time for which particle will be in the magnetic field is 
In 
aB 

d angle subtended by the path of charged particle in 
magnetic field at the center of circular path is nil 

141. A conducting ring of mass 2 kg and radius 0.5 m is placed on 
a smooth horizontal plane. The ring carries a current of 
i = A A. A horizontal magnetic field B = 10 T is switched on at 
time t = 0 as shown in Fig. 9,284. The initial angular 
acceleration of the ring will be 



Fig. 9.284 

a. 40n rad s" 2 h 20 n rad s~ 2 

c. 5n rad s“ 2 d lS^rad s” 2 

142. A point charge is moving in clockwise direction in a circle 
with constant speed. Consider the magnetic field produced 
by the charge at a fixed point P (not at the center of circle) on 
the axis of the circle. Then, 

a it is constant in magnitude only 
h it is constant in direction only 
c. it is constant both in direction and magnitude 
d it is constant neither in magnitude nor in direction 

143. An ^-particle is moving along a circle of radius R with a 
constant angular velocity ax Point A lies in the same plane at 
a distance 2 R from the center. Point A records magnetic field 
produced by the ^particle. If the minimum time interval 


Fig. 9.282 
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between two successive times at which A records zero 
magnetic field is V, the angular speed a\ in terms of /, is 

In 

SL - 

/ 


wv 


2mv 




n 

c. — 
3/ 


d.5 


144. Fig. 9.285 shows an equilateral triangle ABC of side t 
carrying currents as shown, and placed in a uniform 
magnetic field B perpendicular to the plane of triangle. The 
magnitude of magnetic force on the triangle is 



Fig. 9 J85 

a UB h 2itB 

c* 3 i£B d. zero 

145. There exist uniform magnetic and electric fields of magni¬ 
tudes 1 T and 1 Vm"respectively, along positive y-axis. 
A charged particle of mass 1 kg and of charge 1 C is having 
velocity 1 ms" 1 along x-axis and is at origin at / = 0. Then, 
the coordinates of the panicle at time seconds will be 

a. (0, 1, 2) m b. (0, -n% - 2 ) m 

c, (2, k 2 I2 , 2) m d. (0, n 2 !2 t 2) m 

146. A uniform magnetic field of magnitude 1 T exists in region 
y £ 0 along k direction as shown in Fig. 9.286. A particle of 
charge 1 C is projected from point (-73,-1) toward origin 
with speed 1 ms" 1 . If mass of the particle is I kg, then 
coordinates of center of the circle in which the particle 
moves are 


a^) 



c. 


A 

2 


A 
2 ' 


147. A uniform magnetic Field exists in a region which forms an 
equilateral triangle of side a. The magnetic field is perpend¬ 
icular to the plane of the triangle. A charge q enters into this 
magnetic Field perpendicular to a side with speed v. The 
charge enters from midpoint and leaves the field from mid¬ 
point of other side. Magnetic induction in the triangle is 


W qa 

mv „ mv 

c. - d - 

2qa 4qa 

148. A particle of positive charge q and mass m enters with 

velocity V) at the origin in a magnetic field B(-k) which 
is present in the whole space. The charge makes a perfectly 
inelastic collision with an identical particle (having same 
charge) at rest but free to move at its maximum positive 
y-coordinate. After collision, the combined charge will 
move on trajectory 

(where r =-) 


a. 


J71V 

y = — x 
qB 


b. (x + r ) 2 + (y - r!2) 2 = r 2 /4 

c. (x + r) 2 + (y-r/2) 2 = r 2 /8 

d. (x - r) 2 + ( y + ril) 2 = r 2 l4 

149. Ln the plane mirror, the coordinates of image of a charged 
particle (initially at origin as shown in Fig. 9.287) after two 
and a half lime periods are (Initial velocity of charge panicle 
is V 0 in the xy plane and the plane mirror is perpen-dicular to 

the Jt-axis. A uniform magnetic Field Bi exists in the space. 
P 0 is pitch of helix, £ 0 is radius of helix.) 



a 17P 0 , 0, -2/? 0 b. 3P 0 ,0, -2 R 0 

c. 17.5F 0> 0, -2 R 0 d. 3P 0 , 0,2 R 0 

150. A uniform magnetic field of 1.5 T exists in a cylindrical 
region of radius 10.0 cm, its direction being parallel to the 
axis along east to west. A current carrying wire in north- 
south direction passes through this region. The wire 
intersects the axis and experiences a force of 1.2 N 
downward. If the wire is turned from north south to 
northeast-southwest direction, then magnitude and direction 
of force is 

b. 1.272, downward 


a. 1.2 N, upward 
c, 1.2 N, downward 


1.2 

dU —^ N, downward 

■ji 


15L Three infinite current carrying conductors are placed as 
shown in Fig. 9.288. Two wires carry same current while 
current in third wire is unknown. The three wires are 
electrically insulated from each other and all of them are in 
the plane of paper. Which of the following is correct about a 
point l P' which is also in the same plane? 
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• P 



Third wire 


a Magnetic field intensity at P is zero for all values of x , 
whatever is the current in the third wire 


b. If the current in the third wire is —— (left to right), 

sin cs 

then magnetic field will be zero at P for all values of x 

27 

c. If the cuirent in the third wire is —— (right to left), 

sin a 

then magnetic field will be zero at P for all values of x 
d None, of these 

152. An insulating rod of length t carries a charge q distributed 
uniformly on it. The rod is pivoted at its mid point and is 
rotated at a frequency/about a fixed axis perpendicular to 
the rod and passing through the pivot. The magnetic moment 
of the rod system is 

a- k mfl 1 

c. ^nqfl 2 - d. \nqft 1 

153. Rank the value of for the closed paths shown in 

Fig. 9.289 from the smallest to largest. 



Fig. 9.289 

a. a>b,c>d b> a , c, d> b 

j> > d y c y b d. a t c , b> d 

1i\ii' straight segments of wire ab and be each carrying 
curfent 7, are placed as shown in Fig. 9.290. The cube edge is 
.. 50 cm and magnetic field is uniform along F-axis having 
magnitude 0.4 T, If 7 = 3 A, the force experienced by wire 
abc in the presence of magnetic field is 



a. 0.6? h 1.2(f + £) 

c. 0.6(j2t+]-M) d. 0.6(>©-£) 

155. An equilateral triangular loop is kept near to a current 
carrying long wire as shown in Fig. 9.291. Under the action 
of magnetic force alone, the loop 



a must move along positive or negative X-axis 

b. must move in XY plane and not along X- or F-axis 

c. does not move 

d. moves but which way we cannot predict 

156. A current carrying loop is placed in the non-uniform 
magnetic field whose variation in space is shown in 
Fig. 9.292. Direction of magnetic field is into the plane of 
paper. The magnetic force experienced by the loop is 

7 



Fig. 9.292 
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a. non-zero b zero 

c. cannot say anything d none of the above 

157. A particle is moving with velocity v = i + 2>j and it produces 

an electric field at a point given by £ = 2k. It will produce 
magnetic field at that point equal to (all quantities are in 
S.L units) 

a. (6? - 2 ])jU 0 £ 0 b. (6f + 2 j )// 0 £ 0 c. zero 

d. cannot be determined from the given data 

158. A current carrying loop lies on a smooth horizontal plane. 
Then, 

a. it is possible to establish a uniform magnetic field in the 
region so that the loop starts rotating about its own axis 

b. it is possible to establish a uniform magnetic field in the 
region so that the loop will tip over about any of the point 

c. it is not possible that loop will tip over about any of the 
point whatever be the direction of established magnetic 
field (uniform) 

d both (a) and (b) are correct. 

159. A parallel plate capacitor is moving with a velocity of 25 ms -1 
through a uniform magnetic field of 4,0 T as shown in 
Fig. 9.293. If the electric field within the capacitor plates is 
175 NC -1 and plate area is 25 x 10" 7 m\ then the magnetic 
force experienced by the positive charge plate is 



v 


Fig. 9.293 

a. 8.85 x L0" 13 N directed out of the plane of the paper 

b. zero 

c. 8.85 x 10“ 15 N directed out of the plane of the paper 

d. none of above ' 

160. A semicircular wire of radius R, carrying current /, is placed 
in a magnetic field as shown in Fig. 9.294. On left side of X'X, 
magnetic field strength is B 0t and on right side of X'X, 
magnetic field strength is 2£ 0 . The magnetic force experienced 
by the wire would be 


x* 



a h 2 WqR 

c. VTo IB 0 R ■ d. V? IBqR 

161. A wire of cross-sectional area A forms three sides of a square 
and is free to rotate about axis 00\ If the structure is 
deflected by an angle i9.froip the vertical when current i is 
passed through it in a magnetic field B acting vertically 
upward and density of the wire is p % then the value of l 0is 
given by 






162. A proton of mass 1.67 x 10” 27 kg and charge 1.67-x lCf 19 'C 
is projected with a speed of 2 x 1G 6 ms” 1 at an angle of 60° 
to the X-axis. If a uniform magnetic field of 0.10 T is applied 
along y-axis, the path of proton is 
a. a circle of radius 0.2 m and time period ttx 10” 7 s 
lx a circle of radius 0.1 m and time period 2;rx 10' 7 s 

c. a helix of radius 0.1 m and time period 2;rx t0" 7 s 

d. a helix of radius 0.2 m and time period 4^x 10” 7 s 


163. In a cylindrical region, uniform magnetic field is present as 
shown in Fig. 9.296. The cylinder is kept on a horizontal 
plane and its axis is horizontal. A.charge particle of mass m 
and charge q is projected horizontally with velocity v 
through a hole normal to the axis of the cylinder as shown in 
the diagram. An observer states the particle moves first 
undeviated and subsequently. 



Side view 


Fig. 9.296 

a. oscillates inside the cylinder along a horizontal diameter 
passing through axis of the cylinder with time period 

ARqB 

mg 
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hi oscillates inside the cylinder along a horizontal diameter 

2qRB 

passing through axis of the cylinder with time period 

mg 

c, oscillates inside the cylinder along a horizontal diameter 

Ttlg 

passing through ax i s of the cyl i nder w Lth time peri od —— 

qBR 

d. it is not possible for the particle to oscillate in this given 
situation 

164. Current 1 flows around the wire frame along the edges of a 
cube as shown in Fig. 9.297. Point ‘P’ is the center of the 
cube. The incoming and outgoing wires have orientation 
towards P. Then, 



Fig. 9.297 


a. the magnetic Field at P is toward +y direction 
h the magnetic field at P is toward -y direction 


c. the unit vector of magnetic field at P is 




d the magnitude of magnetic field at P is 


4VW 

3 na 


165. In Fig. 9.298, ABCDEFA was a square loop of side £ t but is 
folded in two equal parts so that half of it lies in the jem¬ 
plane and the other half lies in the yx plane. The origin 'O' is 
center of the frame also. The loop carries current ‘t'\ The 
magnetic field at the center is 


y 



c. 




h -^- 2 — i-i + j) 

■Jlnr ’ 


d. 


166. If the magnetic field at ‘P’ can be written as K tan 
A: is 


(!) 


then 



MoJ_ 

4 nd 


b. 


MclL 

2 nd 


c. d. l 

nd nd 

167. The magnetic field at the origin due to the current flowing 
in the wire is 


y 

I 

I 

I 

I 

I 

I 

! upto oo 


i M 

x 



t upto » 

Fig. 9.300 


a. -^-ii+k) 
8 na' 1 

c . M(_f+n 


2 na' 1 


d. 




M) 


4 

168. Two infinitely long linear conductors are arranged 
perpendicular to each other and are in mutually perpendi¬ 
cular planes as shown in Fig. 9.301. If 7, =2A along ihey- 
axis, 7 2 = 3Aalong-veje-axis and4P - AB - 1 cm, the value 
of magnetic field strength B at P is 
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/i 


h 



Fig. 9.301 

a (3xl0‘ 5 T)j+(-4x]0 _5 T)ft 

b. (3X 10 - J T); + (4X10-'T)S 

c. (4xlO _5 T)) + (3xlO“ 5 T)jt 

d. (-3xlO-=T)^(4xlO- s T)i 

169. Fig. 9.302 shows an Amperian path ABCDA. Part AflC is in 
vertical plane PSTU while part CDA is in horizontal plane 
PQRS. Direction of circulation along the path is shown by 
an arrow near point B and at D. 

^>B d i for this path according to Ampere's law will be 


T 



Fig. 9.302 

a- ('i-'z + OAo h Hi + '2 Ho 

c./ 3 // 0 d. (/,+/ 2 )// 0 

170. A coaxial cable is made up of two conductors. The inner 
conductor is solid and is of radius and the outer conductor 
is hollow of inner radius R 2 and outer radius Ry The space 
between the conductors is filled with air. The inner and 
outer conductors are carrying currents of equal magnitudes 
and in opposite directions. Then, the variation of magnetic 
field with distance from the axis is best plotted as 





Fig. 9,303 

171. From a cylinder of radius R , a cylinder of radius R/2 is 
removed, as shown in Fig. 9.304. Current flowing in the 
remaining cylinder is 7. Then, magnetic field strength is 



Fig. 9.304 


a. zero at point A 


h zero at point B 


c. at point A d. at point B 

3tuR 3 nR 

172. A current / enters at A in a square loop of uniform resistance 
and leaves at B. The ratio of magnetic field at E> the centre of 
square, due to segment AB to that due to DC is 



Fig. 9.305 

a 1 h 2 

c. 3 d. 4 

173. A beam of mixture of crparticles and protons are accelerated 
through same potential difference before entering into the 
magnetic field of strength B. If = 5 cm, then r 2 is 
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Fig. 9.306 


a 5 cm lx 5 V2 cm 

c. 10V2cm d. 20 cm 

174. A wire of length T is used to form a coil. The magnetic field 
at its center for a given current in it is minimum if the coil 
has 

a. 4 turns b, 2 turns 

c. 1 turn d. data is not sufficient 

175. The value of the electric field strength in vacuum if the 
energy density is same as that due to a magnetic field of 
induction 1 T in vacuum is 

a. 3x 10 S NC _1 h 1.5xl0 8 NC-' 

c. 2.0x 10 8 NC’‘ d. 1,0 x10 8 NC - ' 

176. Fig. 9.307 shows a small loop carrying a current /. The 
curved portion is an arc of a circle of radius R and the straight 
portion is a chord to the same circle subtending an angle 9 
The magnetic induction at the center 0 is 

a. zero 

b. always inward irrespective of the value of 9 

c. inward as long as 0is less than k 

d. always outward irrespective of the value of 9 



Fig. 9.307 

177. An electron is projected at an angle $ with a uniform 
magnetic field. If the pitch of the helical path is equal to its 
radius, then the angle of projection is 

a. tan" 1 k b. tan -1 2k 

c. cor 1 n b. cot -1 2k 

178. A charged particle moves in a uniform magnetic field 
perpendicular to it, with a radius of curvature 4 cm. On 
passing through a metallic sheet it loses half of its kinetic 
energy. Then, the radius of curvature of the particle is 

a. 2 cm b. 4 cm 

c. 8 cm d. 2 V 2 cm 

179. Three rings, each having equal radius R , are placed mutually 
perpendicular to each other and each having its center at the 
origin of coordinate system. If current 1 is flowing through 
each ring, then the magnitude of the magnetic field at the 
common center is 


y 



a h zero 

2 R 

C. d- (V3-%/2)^ 

180. Positive point charges q = +8.00 \iC and q' - +3.00 |iC 
are moving relative to an observer at point P, as shown in 
Fig. 9.309. The distance d is 0.120 m. When the two charges 
are at the locations shown in the figure, what are the magnitude 
and direction of the net magnetic field they produce at point 
PI (Take v = 4.50 xlO 6 ms" 1 and v> y = 9.00x 10 6 ms" 1 .) 



a 4.38x10^ T, into the page 

b. 4.38xl0“ 4 T, out of the page 

c. 2.16 x 10” 4 T, into the page 

d. 2.16 x IQT 4 T, out of the page 

181. Four very long, current carrying wires in the same plane 
intersect to form a square 40.0 cm on each side, as shown in 
Fig. 9.310. Find the magnitude and direction of the current / so 
that the magnetic field at the center of the square is zero. 



a 4.0 A toward the bottom of the page 
lx 2.0 A toward the bottom of the page 

c. 2.5 A toward the bottom of the page 

d. 3.6 A toward the top of the page 
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182, A square loop of side a carries a current L The magnetic 
induction B at point P, lying on the axis of the loop and at a 
distance x from the center of loop is 

a __ 

* +a 2 )^4x 2 + 2a 2 

b 

x(4x 2 + a 1 )']4x 2 . + la 2 

c._ 

ji(4x 2 +a 2 )44x? + 2 a 2 


n(4x 2 + a 2 )j4x 2 + 2a 2 

183, Two very long, straight wires carry currents as shown in 
Fig. 9.311. Find all locations where the net magnetic field is 
zero. 




10.0 A 




10.0A j 




Fig. 9.311 

2 l y = 4lx b. y = x 

c >y = -x d. y = -(x! 2) 

184. A particle of specific charge ais projected from origin with 

A * 

velocity v - v$i - v 0 k in a uniform magnetic field 
B = -Bq/c. Find time dependence of velocity and position 
of the particle. 

9- v (0 = v 0 cos (aB 0 t)i + v 0 sin (aB 0 t)j- v Q k 

b. v (f) = -v 0 cos (aB 0 t) i + v 0 sin (aB 0 t)j + v 0 £ 

c. v (0 = -v 0 cos + v 0 sin (aB 0 t)j- v 0 k 

d. - v 0 cos(cir5 0 t)/ + v 0 sir\(aB 0 t)j+ v 0 k 

185, A straight piece of conducting wire with massif and length 
L is placed on a frictionless incline tilted at an angle 0from 
the horizontal (as shown in Fig. 9.312). There is a uniform, 
vertical magnetic field at all points (produced by an 
arrangement of magnets not shown in Fig. 9.312). To keep 
the wire from sliding down the incline, a voltage source is 

/^(veriical) 



Fig. 9.312 


attached to the ends of the wire. When just the right amount 
of current flows through the wire, the wire remains at rest. 
Determine the magnitude and direction of the current in the 
wire that will cause the wire to remain at rest. 


Mg tan# 
2 LB 


to the left 


b. to the right 

LB 


c. 


Mg tan Q 
LB 


to the left 


d. 


3Mg tan<9 
2 LB ■ 


to the left 


Multiple. Correct 
Answers Type 


Solutions on page 9.131 


1. Which of the following statements are correct? 

a. If a moving charged particle enters into a region of 
magnetic field from outside, it does not complete a 
circular path 

b. If a moving charged particle traces a helical path in a 
uniform magnetic field, the axis of the helix is parallel to 
the magnetic field 

c» The power associated with the force exerted by a 
magnetic field on a moving charged particle is always 
equal to zero 

d. If in a region a uniform magnetic field and a uniform 
electric field both exist, a charged particle moving in this 
region cannot trace a circular path 

2. A charged particle P leaves the origin with speed v = v 0 at 
some inclination with the x-axis. There is a uniform 
magnetic field B along the x-axis. P strikes a fixed target T 
on the x-axis for a minimum value of B - B Q . P will also 
strike T if 


a. B = 2 B 0 , v = 2v 0 b. B = 2B 0t v - v 0 

c« B - B 0) v = 2v 0 d' £ ” ”> v “ 2v 0 

3. A charged particle is fired at an angle 0 to a uniform 
magnetic field directed along the x-axis. During its motion 
along a helical path, the particle will 

a, never move parallel to the x-axis 

b» move parallel to thex-axis once during every rotation for 
all values of 0 

c. move parallel to the x-axis at least once during every 
rotation if 6 - 45° 

d. never move perpendicular to the x- direction 

4. In previous problem, if the pitch of the helical path is equal 
to the maximum distance of the particle from the x-axis, 
then which of the following are not correct? 

a. cos<9 = — b. sin <9 = — 

71 71 


c. 


tan 0 - 


1 


d. tan 6 - k 


tu 

5. A particle having a mass of 0.5 g carries a charge of 2.5 
x 10” 8 C- The particle is given an initial horizontal velocity 
of 6 x 10 4 ms“‘. To keep the particle moving in a horizontal 
direction 

a. the magnetic field should be perpendicular to the direction 
of the velocity 






























9*82 Physics for IIT-JEB: Electricity and Magnetism 


h the magnetic field should be along the direction of the velocity 
“ c. magnetic field should have a minimum value of 3.27 T 
d no magnetic field is required 

6. The force F experienced by a particle of charge q moving 
with a velocity P in a magnetic field B is given by 

F = q(vxB). Which pairs of vectors are at right angles to 
each other? 

a F and v h F and B 

c. B and v d F and (v x B) 

7. An electron (mass = m e ) and a proton (mass = m p ) initially at 
rest move through a certain distance in a uniform electric 
field in times r t and Neglect the effect of gravity. Then, 

a* the acceleration of electron is much greater than that of 
proton 

h the acceleration of proton is much greater than that of 
electron 



f \l/2 

f \ 

C-U 


p- 

I- 

II 

<m p 

h 

w 

h 



8. A charged particle moves in a uniform magnetic field. The 
velocity of the particle at some instant makes an acute angle 
with the magnetic field. The path of the particle will be 

a a circle 

h a helix with uniform pitch 
c. a helix with non-uniform pitch 
d a helix with uniform radius 

9. An electron is moving along the positive x-axis. You want to 
apply a magnetic field for a short time so that the electron 
may reverse its direction and move parallel to the negative 
x-axis. This can be done by applying the magnetic field 
along 

a. y-axis h z-axis 

c. y-axis only d z-axis only 

10* If a charged particle goes unaccelerated in a region 
containing electric and magnetic fields, then 

a E must be perpendicular to B 

h P must be perpendicular to E 

c. P must be perpendicular to B 
d E must be equal to Vb 

11. A proton is fired from origin with velociLy v = v Q j + v 0 k in a 

uniform magnetic field B = B 0 ]. 

In the subsequent motion of the proton 

a. its z-coordinate can never be negative 
h its x-coordinate can never be positive 
c. its x- and z-coordinates cannot be zero at the same time 
d its y-coordinate will be proportional to its time of flight 

12. Velocity and acceleration vector of' a charged particle 

moving in a magnetic field at some instant are P = 3/' +4 j 

and a-2t + xj. Select the correct options: 
a* x = -1.5 
h x = 3 


c. Magnetic field is along z-direction 

d. Kinetic energy of the particle is constant 

13* A charged particle goes undeflected in a region containing 
electric and magnetic fields. It is possible that 

a. E II B, P II E 

b. E is not parallel to B 

c. PIIB but E is not parallel to B 

d. E II B but P is not parallel to E 

14. A charged particle with velocity v-xi + yj moves in a 
magnetic field B = yt + xj. The force acting on the particle 
has magnitude F. Which one of the following statements 
is/are correct? 

a. No force will act on charged particle if x = y 
h If* >>«,/« (* 2 -y 2 ) 
c. If x >y, the force will act along z-axis 
d If y > x, the force will act along y-axis 

15* In the loops shown in Fig. 9.313, all curved sections are 
either semicircles or quarter circles. All the loops carry the 
same current. The magnetic fields at the centers have 
magnitudes B h B 2 > B 3 and B 4 . Then, 


Fig. 9.313 

a. B 4 is maximum h B 3 is minimum 

c. B 4 > B, > B 2 > B 3 d. B, > B 4 > B 3 > B 2 

16. A conductor ABCDE , shaped as shown, carries current /. It 
is placed in the x-y plane with the ends A and E on the 
x-axis. A uniform magnetic field of magnitude B exists in 
the region. The force acting on it will be 



a. zero, if Bis inthex-direction 

b. XBl in the z-direction, if B is in the y-direction 

c. XBl in the negative y-direction, if B is in the z-direction 
d XaBU if B is in thex-direction 

17. Two circular coils A and B with their centers lying on the 
same axis have same number of turns and carry equal 
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currents in the same sense. They are separated by a 
distance, have different diameters but subtend same angle 
at a point P lying on their common axis. The coil B lies 
exactly midway between coil A and the point P. The 
magnetic field at point P due to coils A and B is B { and B 2 , 
respectively. Then, 

sl > B 2 lx < B 2 

c. B./B, =2 d — = - 

12 B 2 2 

18. A long straight wire carries a current along the x-axis.. 
■ Consider the points A (0,1,0), ^ (0,1 * l^CUA 1) and £) (1 T 

1, 1). Which of the following pairs of points will have 
niagnetic fields of the same magnitude? 

2 l A and B h A and C 

c. B and C d B and D 

19. In previous problem, if the current is 7 and the magnetic field 
at D has magnitude /?, then 


a. 


B= /V 

lyjlTt 



c. B is parallel to the z-axis 
d B rfr^kes an angle of 45° with the x-y plane 

20. A straight conductor carries a current along the z-axis. 
Consider the points A (a, 0,0), B (0, -a, 0), C (- a , 0,0) and 
D(0, a , 0), Then, 

a. all four points have magnetic fields of the same magnitude 
h all four points have magnetic fields in different directions 
c. the magnetic Helds at A and C are in opposite directions 
d the magnetic fields at A and B are mutually perpendicular 

21. A steady electric current is flowing through a cylindrical 
conductor. Then, 

a. the electric field at the axis of the conductor is zero 

b. the magnetic field at the axis of the conductors zero 

c. the electric field in the vicinity of the conductor is zero 
d the magnetic field in the vicinity of the conductor is zero 

22. AS and CD are smooth parallel rails, separated by a distance 
L and inclined to the horizontal at an angle Q. A uniform 
magnetic field of magnitude B t directed vertically upwards, 
exists in the region. EF is a conductor of mass m , carrying a 
current L For EF to be in equilibrium, 



a 7 must flow from E to F 
h BIL ~ mg ion 6 
c. BIL-mg sin & 
d BlL=mg 


23. A wooden cubical block ABCDEFG of mass m and side a is 
wrapped by a square wire loop of perimeter 4a, carrying 
current 7. The whole system is placed at frictionless 
horizontal surface in a uniform magnetic field B ~ B 0 ) as 
shown in Fig. 9.316, In this situation, normal force between 
horizontal surface and block passes through a point at a 
distance x from centre. Choose correct statement(s). 



Fig. 9.316 


mg 

a The block must not topple if 7 < —— 

aB« 


b. The block must not topple if 7 < 


>ng 
2aB, 


a _ mg 

c. x = — if 7 = —— 
4 2 aB n 


6.x=lifl= mg 


4 aB n 


24. A particle of charge and mass m enters a uniform 

magnetic field B (perpendicular to paper inward) at P with 
a velocity v 0 at an angle a and leaves the field at Q with 
velocity v at angle fias shown in Rg. 9.317. 




X 

X 

X 8 



X 

X 

X 

X 

X 

X 

Q 

X 

X 

X 

X 

X 


Fig. 9.317 


a. a=fi 

b. v = v 0 

t pQ - 2>»v q sin g 
Bq 


2m{n-a) 

d The particle remains in field for time t ---- 

Bq 
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25, Let E and B denote the electric and magnetic fields in a 
certain region of space. A proton moving with a velocity 
along a straight line enters the region and is found to pass 
through it undeflected. Indicate which of the following 
statements are consistent with theobserations: 

a. E “Oand B = 0 
h £'/Oand5 = 0 

c, E f Oand B * 0 and both E and B are parallel to v 
d E is parallel to v but B is perpendicular to v 

26. A particle of charge q and mass m moves recdlinearly under 
the action of an electric field E~ a- fix. Here, #and /?are 
positive constants and x is the distance from the point where 
the particle was initially at rest. Then, 

a. the motion of the particle is oscillatory 

h the amplitude of the particle is (a! fi) 

c. the mean position of the particle is at x = (af p) 

d the maximum acceleration of the particle is — 

m 

27, TVo circular coils of radii 5 cm and 10 cm carry equal currents 
of 2 A. The coils have 50 and 100 turns respectively and are 
placed in such a way that their planes as well as their centres 
coincide. Magnitude^ magnetic field at the common centre 
of coils is 

a. 8/rx 10^ T if current in the coil are in same sense 
h 4/rx 10^* T if current in the coil are in opposite sense 
c. zero if currents in the coils are in opposite sense 
d 8/rx \0^ T if current in the coil are in opposite sense 

28, A charged particle of unit mass and unit charge moves with 

velocity v = (8f + 6y) m/s in a magnetic field of 5 = T 
Choose the correct altenative(s). 
a. The path of the particle may be x 1 + y 2 - Ax - 21 = 0 
h The path of the particle may be x? + y 1 = 25 
c. The path of the particle may be y 2 + z 1 = 25 
d The time period of the particle wi 11 be 3.14 s 

29. A proton enters in a region of uniform electric and magnetic 
fields E and B, respectively. Velocity of the proton is v . All 
the three vectors are mutually perpendicular The proton is 
deflected along positive *-axis when either of the fields or 
both are switched on simultaneously. Which of the 
following statement(s) is/are correct ? 

a. v> may be along positive y-axis 
h E is along positive jt-ax is 
c. B may be along positive z-axis 
d B may be along negative y-axis 

30. A particle with charge +q and mass m y moving under the 
influence of a uniform electric field Ei and a uniform 
magnetic field Bk , follows a trajectory from P to Q as shown 
in Fig. 9.318. The velocities at P and Q are v>f and -2v/. 
Which of the following is correct? 



a. E = — 
4 


mv 


2 \ 


w j 


mv 


,3 \ 


h The rate of work done by the electric field at P is — 

X / 

c. The rate of work done by the electric field at P is 0 
d The rate of.work done by both the fields at Q is 0 

31. A long straight wire carries a current along the Z-axis. One 
can find two points in the X-Y plane where 

a. the magnitude of force on identical point charge are equal 
h the direction of the magnetic fields are the same 
c. the magnitude of the magnetic fields are equal 
d the field at one point is opposite to that at the other point 

32. A charged particle enters into a region which offers a 
resistance against its motion and a uniform magnetic field 
exists in the region. The particle traces a spiral path as shown 
in Fig. 9.319. Which of the following statements is/are 
correct? 



Fig. 9.319 

a. Component of magnetic field in the plane of spiral is zero 
tt The particle enters the region at Q 
c. If magnetic field is outward, then the particle is positively 
charged 

d If magnetic field is outward, then the particle is negatively 
charged 

33. An electron moves in a uniform magnetic field and follows a 
spiral path as shown in Fig. 9320. Which of the following 
statements is/are correct? 



Fig. 9.320 

a Angular velocity of the electron remains constant 

hi Magnitude of velocity of the electron decreases 
continuously 

c. Net force on the particle is always perpendicular to its 
direction of motion 

d Magnitude of net force on the electron decreases 
continuously 

34, A charged particle moves in a gravity free space where an 
electric field of strength E and a magnetic field of induction 
B exist. Which of the following statement is/are correct? 

a. If E & 0 and B & 0, velocity of the particle may remain 
constant 

b If E = 0, the particle cannot trace a circular path 


Fig. 9.31 S 
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c. If E = 0, kinetic energy of the particle remains constant 
d None of these. 

35. In a long current carrying cylindrical conductor of radius r, 
the current is distributed uniformly over its cross section. 
The magnetic field at a separation jc from'the axis of the 
conductor has magnitude B. Then, 

a. B = 0, at the axis h B jc, for 0 < jc ^ r 

c. B « —, for jc > r d B is maximum for jc = r 

x 

36. A charged particle of specific charge a moves with a 


velocity v = v 0 ? in a magnetic field B = + £) ■ Then 


(specific charge = charge per unit mass) 

a. path of the particle is a helix 

b. path of the particle is circle 


c. distance moved by the particle 1 in time t =-is 

B 0 a 


B 0 a 


d. velocity of the particle after time/ is f ] 

B 0 a \ 2 2 / 

37. When a current carrying coil is placed in a uniform 
magnetic field with its magnetic moment anti-parallel to the 
field. 

a. torque on it is maximum 

b. torque on it is zero 

c. potential energy is maximum 

d. dipole is in unstable equilibrium 

38. A charge particle of charge q and mass m is moving with 
velocity v as shown in Fig. 9.321 in a uniform magnetic field 
B along - ve ^-direction. Select the correct altemative(s). 

. y 


Extend upto a 
large distance 

Fig. 9.321 

a Velocity of the particle when it comes out from the 
magnetic field is v = v cos 60°/ + vsiri60 6 ] 



V S' X X X X X X X 

'xxxxxxxxx 
✓xxxxxxxxxx 


h Time for which the particle was in magnetic field is 


Tim 

3qB 


7imv 


c. Distance travelled in magnetic field is —- 

3 qB 


d. None of these 

39. A particle of chaige *q 9 and mass enters normally (at ; 
point P) in a region of magnetic field with speed v. It comes 
out normally from Q after time T as shown in Fig. 9.322. The 


magnetic field B is present only in the region of radius R and 
is uniform. Initial and final velocities are along radial 
direction and they are perpendicular to each other. For this 
to happen, which of the following expression (s) i$/are 
correct? 



c. T =- dL None of these 

2 qB 

40. A wire of mass m and length t is placed on a smooth incline 
making an angle 6 with the horizontal, whose front view is 
shown in Fig. 9.323. When a finite amount of charge is 
passed through it in an infinitesimal time, the wire 
immediately acquires some velocity and then ascends the 
incline by a distance For this small duration, we can 
neglect the gravity force because the current can be 
considered very large due to small time duration. The 
amount of charge passed through the wire is 



Fig. 9.323 


a 


myjlgssinO 

B£ 


h 


mv 

Hi 


myjlgssm 0 

c. —--- dL information insufficient 

Bt cos B 

41. A long straight wire carries the current along +ve*- 
direction. Consider four points in space A(0, 1, 0), 
B( 0,1,1),C(1,0,1) and D(l, 1,1). Which of the pairs will have 
same magnitude of magnetic field? 

a A and B hi A and C 

c. B and C d B and D 

42. Two thin long wires cany currents /, and I 2 along jc- and 
y-axes, respectively, as shown in Fig. 9.324. Consider the 
points only in x-y plane. 

a Magnetic field is zero at least at one point in each quadrant 
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h 


-¥ -►x 

h 


Fig. 9.324 

b Magnetic field can be zero somewhere in the first quadrant 

c. Magnetic field can be zero somewhere in the second 
quadrant 

d. Magnetic field is non-zero in second quadrant 

43. In the setup of the previous question, an electron E moves 
from X\oY and a proton P moves from Y to Z. Both particles 
start from rest. Then, 

a. E reaches Y with greater energy than P 
b P reaches Y wilh greater energy than E 
c. P and E reach Y with equal energies 
d P reaches Y with greater momentum than E 

44. Velocity and acceleration vector of a charged particle 
moving in a magnetic field at some instant are v = 3f + 4y 
and v = 2? + xj\ Select the correct akemative(s). 

a. x = — 1.5 b x~3 

c. magnetic field is along z-direction 
d kinetic energy of the particle is constant 


Assertion-Reasoning 
Type ° 


Solutions on page 9.137 


In each of the question, a statement of, Statement I is given by 
corresponding statement of Statement II of the statements, mark 
the correct answer. 


a. If both Statement 1 and Statement II are true and the 
Statement J1 is the correct explanation of Statement I. 
b If both Statement 1 and Statement II are true but Statement 11 
is not the correct explanation of Statement I. 
c. If Statement I is true, but Statement II is false, 
d IfStatementl is false but Statement II is true. 

1. Statement I; Cyclotron is a device which is used to 
accelerate the position ions. 

Statement U: Cyclotron frequency depends upon die velocity, 

2. Statement I: Cyclotron does not accelerate an electron. 
Statement II: Mass of the electrons is very small. 

3. Statement I: When a charging particle is fired in a magnetic 
field, the radius of its circular path is directly proportional to 
the kinetic energy of the particle. 

Statement II: The centripetal force on the test change q 0 is 
q n vB y where v is the velocity of a particle and B is the 
magnetic field. 


4. Statement I: Magnetic field due to a infinite straight 
conductor varies inversely as the distance from it. 
Statement II: The magnetic field at the center of the circular 
coil in the following figure is zero 

5. Statement I: The magnetic field at the center of the circular 
coil in Fig. 9.325 is zero. 



Statement II: /, = l 2 therefore the magnetic field due to one 
part balance that due to the other part of circle. 

6. Statement I: Acceleration of a moving charged particle in a 
magnetic field is non-zero. 

Statement II: Inside magnetic field region, the particle may 
be moving on a curved path. 

7. Statement I: Any rod of length £ moving with velocity v in a 
magnetic field B has an induced e.m.f. o £BvL 
Statement ll: Induced e.m.f. in a rod is given by Bv£ sin 0. 

8. Statement II: The net force on a closed circular current 
carrying loop placed in a uniform magnetic field is zero. 
Statement II: The torque produced in a conducting circular 
ring is zero when it is placed in a uniform magnetic field such 
that the magnetic field is perpendicular to the plane of loop. 

9. Statement I: A rectangular current loop is in an arbitrary 
orientation in an external uniform magnetic field. No work is 
required to rotate the loop about an axis perpendicular to its 
plane. 

Statement II: All positions represent the same level of 
energy. 

ID. Statement I: Magnitude of B is constant along a magnetic 
field line. 

Statement II: B is tangent to a magnetic field line. 

II > Statement I: If a proton and an a-particle enter a uniform 
magnetic field perpendicularly with the same speed, the time 
period of revolution of a-particle is double than that of 
proton. 

Statement II: In a magnetic field, the period of revolution of 
a charged particle is directly proportional to the mass of the 
particle and inversely proportional to the charge of particle. 
12. Statement I: A direct current flows through a metallic rod. It 
produces magnetic field only outside the rod. 

Statement II: The charge earners flow through whole of the 
cross section. 
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13. Statement I: A loosely bound helix made of stiff wire is 
suspended verbally with the lower end just touching a dish 
of mercury. When a current is passed though the wire, the 
wire executes oscillatory motion with the lower end jumping 
out of and into the mercury. 

Statement II: When electric current is passed through a 
helix, a magnetic field is produced both inside and outside 
the helix. 

14. Statement i: A charged particle is moving in a circular path 
under the action of a uniform magnetic field as shown in Fig. 
9.326. During motion kinetic energy of charged particle is 
constant. 

Statement II: During the motion, magnetic force acting on 
the particle is perpendicular to instantaneous velocity. 


X 

X 

X 

X 

X 



X 

X 

X 

X 

X 


15. Statement 1: Consider the situation shown in the Fig. 9.327. A 
conductor is moved with constant velocity by an external 
agent. A force is required to move the conductor with 
constant velocity. 

Statement II: As the conductor is moved, a current is induced 
in the circuit. A magnetic force acts on the conductor 
opposite to its velocity. 


X X X X X 



Fig. 9.327 

16. Statement I: When radius of a circular loop carrying current is 
doubled, its magnetic moment becomes four times. 
Statement II: Magnetic moment depends on the area of the 
loop. 

17. Statement I: The poles of a magnet cannot be separated by 
breaking into two pieces. 

Statement H: The magnetic moment will be reduced to half 
when a magnet is broken into two equal pieces. 

18. Statement I: A magnetic field independent of time can 
change the velocity of a charged particle. 

Statement II: It is not possible to change the velocity of a 
particle in a magnetic field as magnetic field does no work on 
the charged particle. 


19. Statement I: The current constituted by c ctrons in a 
metallic wire creates only electric field whil • on electron 
beam creates both, electric and magnetic field -. 

Statement II: The electron beam contains *, 'y electrons 
while metallic wire carries both positive md negative 
charges and also the wire is electrically ncutv . 

20. Statement I: The magnetic field on the clos A loop in Fig. 
9.328 is zero. 

Statement II: Force (magnetic) on the wire is J. =J idl x B 



21. Statement I: A closed current carrying loop behave like a 
magnetic dipole. 

Statement II: Force and torque on the loop are zero as shown 
in Fig. 9.329. 



22. Statement I: The magnetic field at the ends of a very long 

current carrying solenoid is half of that at the center. 
Statement II: If the solenoid is sufficiently long, the field 
within it is uniform. # 

23. A charge is projected in a region of magnetic field (no other 
field is present). 

Statement I: Kinetic energy of the charge particle will remain 
constant. 

Statement II: Work done by magnetic force on the moving 
charge particle is zero. 

24. A semicircular ring is present in a uniform magnetic field. 

Magnetic field is perpendicular to the loop of ring. 
Statement I: Force F on each elemeni of ring is different. . 
Statement II: Net force on the ringmustbeperpendicularto 
magnetic field. t 

25. Statement I: Magnetic field at a point on the, surface of a 
long cylindrical wire is maximum. 

Statement II: For any other point, closed loop perpendicular 
to the wire and of radius equal to the distance between the 
axis of wire and the given point will enclose less current, 

26. Statement I: Magnitude of force acting on a current carrying 
loop placed in a uniform magnetic field will be equal to zero 
whether magnetic field is in the plane of the loop or 
perpendicular to it. 
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Statement II: Magnitude of force does not depend upon the 
direction of magnetic field. 

27. Statement I: A linear solenoid carrying current is equivalent 
to a bar magnet. 

Statement II: The magnetic field lines of both are same. 

28. Statement h Consider two small current carrying elements I 
and II as shown in Fig. 9.330. The magnetic force 
experienced by element I due to III is zero while magnetic 
force experie-nced by II due to I is non-zero, i.e., the force 
exerted by element I on element II is not equal and opposite 
to that exerted by element II on element I and hence 
Newton's action-reaction law gets violated here (for 
magnetic force). 


[I 


i T* 

hdh 


i 

i 

i 


1 


* lidt i 


For Problems 3-5 

A particle of mass m and charge q is accelerated by a potential 
difference V volt and made to enter a magnetic field region at an 
angle 0 with the field. At the same moment, another particle of 
same mass and charge is projected in the direction of the field 
from the same point Magnetic field of induction is B . 

3. What would he the speed of second particle so that both 
particles meet again and again after a regular interval of 
time, which should be minimum? 



4. Find the time interval after which they meet. 

2nm , nm 

a. - b. —- 

qB 2 qB 


Fig. 9.330 

Statement II: Law of conservation of momentum is an 
independent law and is not a consequence of Newton's third 
law. 


c. 


Km ^ l7tm 

qB 2 qB 

5. Find the distance travelled by the second particle during that 
interval mentioned in the above problem. 


Comprehension 

Type 


Solutions on page 9.1 SS 


For Problems 1-2 

The circuit in Fig. 9.331 consists of wires at the top and bottom 
and identical metal springs as the left and right sides. The wire at 
the bottom has a mass of 10.0 g and is 5.00 cm long. The wire is 
hanging as shown in the figure. The springs stretch 0.500 cm 
under the weight of the wire, and the circuit has a total resistance 
of 12.0 £1. When a magnetic field is turned on, the springs stretch 
an additional 0.300 cm. 


24.0 V 


: 

: l 


W/////////////A 




Magnetic field 
region 


Fig. 9.331 

1. From the above statements we can conclude that 

a. the magnetic field is directed into Che plane of page 
h the magnetic field is directed out of the page 

c. the magnetic field is toward left in the plane of page 

d. the magnetic field is toward right in the plane of page 

2. The magnitude of magnetic field is 

a. 1.2T h 6T 

c. 0.6T dL 12T 


a. 


vm 2 k . 

-cos# 

q B 


2vm 2 k 


cos# 


c. 


2 vm 2 k 

~Y~b 


cos# 



For Problems 6-7 

A charged particle carrying charge q = 10 ftC moves with velocity 
= 10 6 ms -1 at angle 45° with x-axis in the xy plane and 
experiences a force F x = 5^2 mN along the negative z-axis. When 
the same particle moves with velocity v 2 = 10 6 ms” 1 along the 
z-axis, it experiences a force F l in ^-direction. 

6. Find the magnetic field B. 

a. (10 _3 T )(t+j) b. (2xlo _3 T)f 

c. (1<T 3 T) f d. (2X10 _3 T) (i + j ) 

7. Find the magnitude of the force F v 

a. 10 _2 N b. 10‘ 3 N 

c. 10" 4 N d. 10" 5 N 


For Problems 8-10 

A conducting ring of mass m and radius r has a weightless 
conducting rod PQ of length 2 r and resistance 2 R attached to it 
along its diameter. It is pivoted at its center C with its plane 
vertical, and two blocks of mass m and 2m are suspended by 
means of a light in-extensible string passing over it as shown in 
Fig. 9.332. The ring is free to rotate about C and the system is 
placed in a magnetic field B (into the plane of the ring). A circuit 
is now completed by connecting the ring at A and C to a battery of 

e.m.f. V. It is found that for certain value of F, the system remains 
static. 
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8. In static condition, find the current through rod PC, 

a. ViR b. VI2R 

c.4 V/R d. 2 VIR 

9. Net torque applied by the tension in string can be related as 

3 BVr 2 BVr 2 

a. - b. - 


c» 


BVr 2 
3 R 


d. 


BVr 2 
2 R 


10* The value of V can be related with m> B and r as 
a. 2mgR / Br b. mgR / Br 

c. mgR / 2 Br d. 3 mgR / Br 


For Problems 11-12 


There exists a long conductor along z -axis carrying a current of / 0 
along positive ^direction. A loop having total resistance R is 
placed symmetrical about x- and y-axes in jty plane as shown in 
Fig. 9.333, Potential difference V„ A = Vis applied. Radii of arcs are 
V and l b\ respectively, as shown in the Figure. 





11. The magnitude of force experienced by the arc MN is 


a. zero 


PqVIq 

2 xRb 


b. 

TtRb 

d none of these 


12. The total torque acting on the loop is nearly, 
o 


c. ^ V 'f<b-a)i 

2 nR 


b. “2- -—{b~a)i 

nR 

d. none of these 



If time period, pitch and radius of helix path areT 0 , P 0 and R 0 , 
respectively, and if the particle is projected at an angle 
with the positive x-axis toward positivey-axis in x-y plane, 
then 

13, select the correct statement: 


7 ( f 

a. At t = —, coordinates of charge are —, 0, - 2 R 0 


3T ( 

b At / = —coordinates of charge arc 
2 


^ 0,2 R, 


c. At / = ■, coordinates of charge are (P 0 , 0, - 2/^) 

3T 

d At / = -^-, coordinates of charge are (3F 0 , 0, 2R 0 ) 

14, select the correct statement: 

a. Two extremes (positions of charge particle during the 
motion) from x-axis are at a distance 2 R 0 from each other 

b. Two extremes From*-axis are at a distance AR 0 from each 
other 

c. Two extremes (positions of charge particle during the 
motion) from x-axis are at a distance R 0 from each other 

d TWo extremes from x-axis are at a distance 3from each 
other 


For Problems 15-16 

The region between x= 0 and * = L is filled with uniform constant 
magnetic field 25(T)k. A particle of mass m. = 50 g having 

positive charge q = 1 C and velocity V 0 ~50-j3i +50 j ms“ l 
enters the region of the magnetic Field. Neglect gravity throughout 
the question. 




x = 0 ®®®®®®®®® 

®®®®®®®®£ 
®®®^®®®®£ 
® ®^* ® ® © ® ® ® 
(o,o) ® ® ® ® ® ® ® 

^ ©®®®®©®®@ 

®®®®®®®®£ 


x^L 




For Problems 13-14 Fig. 9.335 

In a region, magnetic field along x-axis changes according to the 15. The value of L if the particle emerges from the region of 
graph given in Fig. 9.334. magnetic field with its velocity I00(ms ~ [ )t is 
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a. 20cm h 10cm 

c. 30 cm d. None of these 

16. The maximum and minimum values of L such, that velocity 
of emerging particle makes angle ^3 with the y-axis are 

a. £*,. = 10 cm, =~ 
b- Anh. “ 20 cm, L ra „ =40 cm 
c - A™ =10 cm. =20cm 
d - A*i« = 20 cm, L raax =« 

For Problems 17-19 

A charged particle enters into a uniform magnetic field and 
follows a spiral path as shown in Fig. 9.336. The arrows in the 
diagram represent the motion of the charged particle. For this 
situation, answer the following questions. 



Fig. 9336 


17. Mark out the correct staiemenl(s). 

a. If the charged particle is +ve, then direction of magnetic 
Held is into the paper 

b. Net force acting on the particle is not perpendicular to its 
direction of motion 

c. The speed of particle does not remain constant 

d. All of the above 

18. Which of the following quantities associated with the 
particle continuously decreases during motion? 

a. Speed 

b. Angular momentum 

c. Net force acting on the particle t 

d. All of the above 

19. Which set of the quantities is remaining conserved during 
the motion of particle? 

a. Angular velocity, angular momentum, kinetic energy 

b. Angular velocity 

' c. Angular velocity, total mechanical energy, magnitude of 
net force 

d. Angular momentum, mechanical energy 
For Problems 20-22 

Curves in the graph shown in Fig. 9.337 give, as functions of 
radius distance r, the magnitude 3 of the magnetic field inside and 
outside four long wires a\ b t c and d , carrying currents that are 
uniformly distributed across the cross sections of the wires. 
Overlapping portions of the plots are indicated by double labels. 

B A 


20. Which wire has the greatest radius? 

a a ' h c. c d d 

21. Which wire has the greatest magnitude of the magnetic field 
on the surface? 

a. a b. b c . c d. d 

22. The current density in wire a is 

a. greater than in wire c 

b. less than in wire c 

c. equal to that in wire c 

d. not comparable to that of in wire c due to lack of 
information 

For Problems 23-25 

Ampere’s law provides us an easy way to calculate the magnetic 
field due' to a symmetrical distribution of current. Its mathem¬ 
atical expression is as §B d t - Boh* 

The quantity on the left hand side is known as line integral of 
magnetic field over a closed Ampere's ldop. 

23. Only the current inside the Amperian loop contributes in 

a. finding magnetic field at any point on the Ampere's loop 

b. line integral of magnetic field 
c- in both of the above 

d. in neither of them 

24. If the current density in a linear conductor of radius a varier 
with r according to relation J - kr\ where k is a constan 
and r is the distance of a point from the axis of conductor 
find the magnetic field induction at a point distance r fron 
the axis when r < a. Assume relative permeability of th< 
conductor to be unity. 

b c Vo d Vo k ^ 

4r 2 2r 2 

25. In the above question, find the magnetic field induction at 
point distance r from the axis when r > a. Assume relativ 
permeability of the medium surrounding the conductor t 
be uhity. 

/j^knaA u //o&r 3 Vo kna * * Vo k ^ 

a. —^-- b. - c. ——- cL —— 

4 r 2 2r 4 


For Problems 26-27 


According to Biot-Savarat's Law, magnetic field due to a straigl 
current carrying wire at a point at a distance r from it is given t: 



B 
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The direction of magnetic field being perpendicular to the 
plane containing the wire and that point. 

26. Fig, 9.339 shows a closed loop AOCBA in which current l is 
flowing as shown. Given OA = OB - OC = a. Find the 
magnetic field at point B due to this loop. 



Fig. 9.339 


a. - 


/v 


+£j 


h - 


Mol 


c. 


4ff\/2 a 
d. None of these 


4 n4la 

27. Find magnetic field at point O in Fig. 9.314. 

Moj 

Akq 

-Mol [-■ 


(j+i) 


-&M 


c. - 


4 na 
-Mol 


2na 


M 


d. 


2\j2n( 


-(>*) 
7 V / 


For Problems 28-29 

In Fig. 9*340, the circular and the straight parts of the wire are 
made of same material but have different diameters. The magnetic 
field at the center is zero. 



Fig. 9340 

28. Ratio of the currents I { and I 2 flowing through the circular 
and straight parts is 

S L ls[i 3v/3 . 3x/3 

a. — 

2 n 


71 


C. 


d. 


2 7t 2\fi it 

29. The ratio of the diameters of circular and straight parts is 


73 

In 


2^3 

7t 


C. 


3^/3 
2 71 


d. 


3n/3 

2-JlTt 


For Problems 30-31 

A charged particle of mass m and charge q is projected on a rough 
horizontal X-Y plane, both electric and magnetic fields are acting 
in the region and given by E = -E^k and B = -B 0 k , respectively. 


At t - 0, the particle enters into the field at 0 , 0 ) with velocity 
v = v 0 j. The particle starts moving into a circular path on the 
plane. If coefficient of friction between the particle and the plane 
is //, then calculate the 


30. time when the particle will come to rest. 

; 2/nv 0 


a. 


jU(mg+qE) 
3 mv n 


b. 


ju{mg +2 qE) 
d. None of these 


jU(2mg + qE) 

31. length of the path travelled by the particle when it comes to 
rest. 




c. 


ju(mg + qE) 
wvp 
2 ju(mg + qE) 


b. 


3 mvl 


2jU(mg + qE) 
d. None of these 


For Problems 32-33 


A charged particle carrying charge q = 10 pC moves with velocity 
Vj - 10 6 ms " 1 at angle 45° with x-axis in the xy plane and 
experiences a force F, = 572 mN along the negative z- axis. 
When the same particle moves with velocity v 2 = 10 6 ms ’ 1 along 
the z-axis, it experiences a force F 2 in y-di recti on. 

32. Find the magnetic field B. 

a. (10 _ 3 T)(j + 7 ) b. (2xlO - 3 T)t 

c. (10 _ 3 T)r d. (2xl0 - 3 T) (? + 7 ) 

33. Find the magnitude of the force F 2 . 

a. 10 -2 N b. 10 ~ 3 N 

c. Kr*N d. 1 0 -5 N 


For Problems 34-36 

In a certain region of space, there exists a uniform and constant 
electric field of magnitude E along the positive y-axis of a co¬ 
ordinate system* A charged particle of mass l m' and charge *-q' 
( 1 q > 0 ) is projected from the origin with speed 2 v at an angle of 60° 
with the positive x-axis in jc-y plane. When the x-coordinate of 

. . , \f3mv 2 

particle becomes-, a uniform and constant magnetic 

qE 

field of strength B is also switched on along positive y-axis. 


34. Velocity of the particle just before the magnetic field is 
switched on is 


a. w 


* V3v * 

c. w~ — J 


, - 73v ^ 

b .» + —j 

d. 2 v?-^J 
2 


35. jtr-coordinate of the particle as a function of time after the 
magnetic field is switched on is 


\f3tnv 2 

qE 

73 mv 2 
qE 


-Rs\nA 


/?cos| — / 


73 mv 2 
qE 

73 mv 1 
qE 


+ /?sin| 



+ ficos 

(*) 
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36. z-coordinate of the particle as a function of time after the 
magnetic field is switched on is 


a R 


1 + cos 


c. -R 


f-'l 

) m 


h R 

d. -R 


l + sin| —t I 


1 + cos 




For Problems 37 -40 

A particle of mass m and charge q enters with velocity v 0 
■perpendicular to a magnetic field B (coming out of the plane of 
the paper) as shown in Fig. 9.341. It moves in the magnetic field 

for 1 = and then enters into a constant electric field region. 
4qB 

The electric and magnetic fields are present only in a rectangular 
region of thickness d. The length of rectangular region is the 
particle enters parallel to and grazing side RQ. The particle leaves 
the region at P. 


Q 


\ 

0.S0 m 



I 




Fig. 9.341 


Given v 0 = (\/2+l) ms J , 


E/B = Sm<T [ , 



A metres and — = 
dB 


4 

5 


37. Displacement of the particle in ^-direction before it enters 
in the electric field is 



38. Length of the electric fi 



39. Time taken by the particle 
a. 4/5 s 
c. 1/5 s 



d. none of these 
region is 



d none of these 

cross the electric field region is 
b. 3/5 s 

d. none of these 


40. The value of i-d is equal to 

a. 3 m b. 4 m 

c. 2 m d. 1 m 


For Problems 41 - 43 

Two long, straight, parallel wires are l .00 m apart (as shown in Fig. 
9.342). The upper wire carries a current I { of 6.00 A into the plane 
of the paper. 


Fig. 9.342 

41. What must the magnitude and direction of the current / 2 be 
for the net field at point P to be zero? 

a. 3.00 A b. -s/3 A 

c. 2.00 A d. 1.00 A 

42. What are the magnitude and direction of the net field at Q ? 

a. 2.13 x lO^T b. 4.26 x lO^T 

c. 1.21xlO- 6 T d. 5.30 x lO^T 

43. What is the magnitude of the net field at 5 ? 

a. 4.1 x 10 -6 T b. 1.6x10"* T 

c.S^xlO^T d. 2.1 x10- 6 T 


For Problems 44-46 

Fig. 9.343 shows an end view of two long, parallel wires 
perpendicular to the xy plane, each carrying a current /, but in 
opposite directions. 



Fig. 9.343 


44. Derive the expression for the magnitude of B at any point 
on the x-axis in terms of the x-coordinate of the point What 


is the direction of 5? 

a 'll Mpfo 

Tui^x 1 + a 2 j 


2 71 


(,W) 


d. 


x(x 2 + a 2 } 
tc[x 2 + a 2 ) 
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45. Graph the magnitude of B at points on the^-axis. 






Fig. 9.344 


46. At what value of x is the magnitude of B a maximum ? 
a. * = 0 b. x-^Jla c. x=U^f2a d.x = a/2 


For Problems 47-49 


Repeat the above problem, but with the current in both wires 
shown in Fig. 9.345 directed into the plane of the fi|ure. 


47. Derive the expression for the magnitude of B at any point 
on thex-axis in terms of the Jf-coordinate of the point. What 
is the direction of fi? 


a 


c. 


V2/j 0 /g 
it\x 2 + a 2 } 

Mo 1 ** 

27z(x 2 +a 2 ) 


b 3// 0 /g 

Tt^x 2 -ha 2 ^ 

d. /'o Ia 

u(x 2 + r? 2 ) 


48. Graph the magnitude of B at points on the x-axis. 



a. 



b. 



c. 



*{la) 

d. 


Fig. 9.345 

49. At what value of x is the magnitude of B a maximum ? 
a. * = 0 b. x-^fl a 

c. x- ±aI2 dL x-±a 

For Problems 50 -52 

An electron with a speed v 0 « c moves in a circle of radius r 0 
in a uniform magnetic field. The time required for one revolution 
of the electron is T 0 > The speed of the electron is now doubled 
to 2v 0 . 
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50. The radius of the circle will change to 

a. 4r 0 h 2r 0 c* r 0 d r 0 /2 

51. The time required for one revolution of the electron will 
change to 

a* 47 0 b. 2 T 0 c. T 0 d. T</2 

52. A charged particle is projected in a magnetic field 

B - (2i + 4j)xlO~ 2 T. The acceleration ,of the particle is 
found to be a = (xi +2 j) ins -2 . Find the value of x, 

a 4 ms" 2 h. - 4 ms -2 c. -2 ms -2 d 2 ms -2 


For Problems 53-54 

Uniform electric and magnetic Fields with strength E and induction 
B , respectively, are along y-axis as shown in Fig. 9,346. A particle 
with specific charge qfm leaves the origin 0 in the direction of x- 
axis with an initial non-relativistic velocity v 0 . 



53. The coordinate y n of the particle when it crosses the y-axis 
for then 1 * 1 time is 


a. 


c. 


2jp'mn l E 
?B 2 
ln 2 mn 2 E 


b. 


d. 


7t 2 mn 2 E 

qB 2 

\fin 2 mn 2 E 


2>qB 2 qB 1 

54. The angle a between the particle's velocity vector and 
y-axis at that moment is 


a. tan 




c. tan 




3 v 0 B 
2nnE 
v 0 B 


b. tan" 


For Problems 55 -56 


d. tan 


-] 


finE 

K 2mxE 


A thin, 50.0 cm long metal bar with mass 750 g rests on, but is not 
attached to, two metallic supports in a uniform 0.450 T magnetic 
field* as shown in Fig. 9.347. A battery and a 25,0 £2 resistor in 
series are connected to the supports. 


v R 

1-V\AA 


B 

X X X X X 
A x X x A 


Fig. 9.347 


55. What is the largest voltage the battery can have without 
breaking the circuit at the supports? 

a 817 V h 412 V c. 325 V d 160 V 

56. The battery voltage has the maximum value calculated in 
Q.55. If the resistor suddenly gets partially short-circuited, 
decreasing its resistance to 2.0 £2, Find the initial accelera¬ 
tion of the bar. 

a. 113 ms" 2 b. 55 ms" 2 c* 180 ms" 2 d. 12.4 ms" 2 

For Problems 57-58 

The circuit shown in Fig. 9.323 is used to make a magnetic balance 
to Weigh objects. The mass m to be measured is hung from the 
center of the bar that is in a uniform magnetic field of 1.50 T, 
directed into the plane of the figure. The battery voltage can be 
adjusted to vary the current in the circuit. The horizontal bar is 
60.0 cm long and is made of extremely light-weight material. It is 
connected to the battery by thin vertical wires that can support 
no appreciable tension; all the weight of the suspended mass m is 
supported by the magnetic force on the bar. A resistor with R 
= 5.00 £2 is in series with the bar; the resistance of the rest of the 
circuit is much less than this. 



57. Which point, a or b> should be the positive terminal of th< 
battery? 

a. a b. b 

c* Either a or b 

d. No conclusion can be drawn 

58. If the maximum terminal voltage of the battery is 175 V,wha 
is the greatest mass m that this instrument can measure ? 

a. 10.2 kg b. 3*21 kg c. 20.4 kg d. 5.2 kg 

For Problems 59-60 

A conducting bar with mass m and length L slides over horizonta 
rails that are connected to a voltage source. The voltage souro 
maintains a constant current 7 in the rails and bar, and a constant 
uniform, vertical magnetic Field B fills the region between the rail 
(as shown in Fig. 9.349), 



Fig. 9.349 
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59. Find the magnitude and direction of the net force on the 
conducting bar Ignore friction, air resistance and electrical 
resistance* 

a* ILB , to the right. b. ILB, to the left, 

c. 2ILB, to the right. d. 2 ILB, to the left. 

60. If the bar has mass m, find the distance d that the bar must 
move along the rails from rest to attain speed v. 

3 v 2 ?n , 5v 2 ?n v 2 m „ v 2 m 

a. - b. - c. - d* - 

11LB 21LB ILB 2 ILB 

For Problems 61-62 

As shown in Fig. 9.350, a thin, flexible wire hangs from point P in 
a region where there is a uniform, horizontal, magnetic Field of 
magnitude B directed into, and perpendicular to, the plane of the 
figure. A weight is attached to the bottom of the wire to provide a 
uniform tension T throughout the wire. (The weight of the wire 
itself is negligible.) When a current / flows from the top to bottom 
of wire, the wire curves into a circular arc of radius 



Fig. 9.350 

61. By considering the forces on a small segment of wire that 
subtends an angle 0 , find the radius of curvature of the wire. 

u.R = 2T/IB b. R = TI3IB 

c.R = -JlT/B d. R-TI IB 

62. The wire is now removed. A negatively charged particle of 
charge -q and mass m is launched from the same point P 
from which the wire was hung, in the same direction as that 
in which the wire extended from P. If the trajectory of the 
particle follows the same circular arc as in previous problem, 
the speed of the particle will be 

a. Tq / ml b. 2 Tq / ml 

c. Tq I 3ml d. 42 Tq i ml 

For Problems 63-64 

A thin, uniform rod with negligible mass and length 0.200 m is 
attached to the floor by a frictionless hinge at point P (as shown 
in Fig. 9.351). A horizontal spring with force constant k = 4,80 
Nm " 1 connects the other end of the rod to a vertical wall. The rod 
is in a uniform magnetic Field B = 0.340 T directed into the plane of 
the figure. There is current I = 6.50 A in the rod, in the direction 
shown. 



63. Calculate the torque due to the magnetic force on the rod, 
for an axis at P> 

a. 0.0442 Nm"', clockwise 
h 0.0442 Nm _l , anticlockwise 
c. 0.022 Nm -1 , clockwise 
d 0.022 Nm" 1 , anticlockwise 

64. When the rod is in equilibrium and makes an angle of 53.0° 
with the floor, is the spring stretched or compressed? 

a. 0.05765 m, stretched 

b. 0.05765 m, compressed 

c. 0.0242 m, stretched 

d. 0.0242 m, compressed 

For Problems 65-66 

At your laboratory’s location, the earth's magnetic field has 
magnitude 1.0 x 10" 4 T and points north. A long, straight wire 
(wire A) runs in a north-south direction along the laboratory floor. 
You know that the wire carries current from south to north, bdt 
you do not know the magnitude of the cunrent. To Find out, you 
place two other long, straight wires on the floor parallel to wire 
A . Wire B is 5.0 cm to the east of wire A and wire C is 10.0 cm to 
the east of wire You connect sources of e.m.f. to wires B and C 
so that a constant current of 1.0 A flows from south to north in 
wire £, while an adjustable amount of current flows in wire C. 
Wires A and C are attached rigidly to the floor, while wire B is 
able to slide around. You find by experiment that wire B will 
indeed start to slide one way or the other unless there is a 3.0 A 
current in wire C that flows from south to north. If this is the case, 
wire B remains at rest. 

65. How much current is flowing in wire A? 

a* 2 A b. 1.5 A 

c* 2.5 A d*3A ' 

66 * If the current in wire C were increased to 
direction would wire B tend to slide? 
a. Wire B will slide to the right 
h Wire B will slide to the left 

c. Wire B will slide up the page 

d. Wire B will slide down the page 

For Problems 67-69 

A wire carrying a 10 A current is bent to pass through various 
sides of a cube of side 10 cm as shown in Fig. 9.352* A magnetic 

field B = (2/ - 3 j + k )T is present in the region. Then, Find 



Fig. 9.351 


Fig. 9.352 
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67. the net force on the loop shown. 

a. F nel =0 lx F nci = (0.1 i - 0.2k) N 

c. F na =(0.3i+0.4k)ti d F ncl = (0.2,6k )N 

68 . the magnetic moment vector of the loop. 

a. (0.l/ + 0.05j-0.05£)Am 2 
h (0.1/+ 0,05y + 0.05/t)Am 2 
c. (0.1 f- 0.05j + 0.05k) Am 2 

d (0. h'-0.05j-0.05i) Am 2 

69. the net torque on the loop. 

a. -0.1/+0.4£Nm h. -0J/-0.4£Nm 

c. 0.1/-0.4£Nm d 0.1/-0.4&Nm 


Matching Column ; 
Type 


Solutions on page 9.145 


Column I and Column II contains four entries each. Entries of 
Column I are to be matched with some entries of Column II. One or 
more than one entries of Column I may have the matching with the 
same entries of Column II and one entry of Column I may have, 
one or more than one matching with entries of Column I. 


1. A long current carrying wire and a loop made of conducting 
wire are placed inx-y plane, such that the long wire is parallel 
to .y-axis. Column I is regarding some changes made in the 
position of loop and Column II indicates the resulting effects. 



r 4 > ry = r 2 > r. 


Fig. 9.354 


Ion 

Mass 

Charge 

A 

2m 

e 

B 

4 m 

-e 

C 

2m 

-e 

D 

m 

+e 


The ions fall at different positions 1, 2, 3 and 4 as shown. 
Correctly match the ions with their respective positions of fall. 


Column I 

Column II 

i. A 

a. 1 

ii. B 

h 2 

iii. C 

c. 3 

iv. D 

' d 4 


y 

* 



Fig. 9.353 

Match the columns: 


Column I 

Column 11 

i. If loop is moved away 
from the wire while 
keeping in x—y plane, 
ii; Ifloop is moved toward 
thewire while keeping in 
x-y plane 

iii. Ifloop is rotated about 
x-axis, then juSt after this 

iv. Ifloop is rotated about 
y-axis, then just after this 

■ a. current is induced in the 
loop in anticlockwise 
direction 

h current is induced in the 
loop in clockwise 
direction 

c. no e.m.f. is induced in 
the loop 

d. the wire will attract 
or repel the loop 


2. A beam consisting of four types of ions ,4, B, C and D enters 
a region at P that contains a uniform magnetic field as 
shown In Fig. 9.354. The field is perpendicular to the plane of 
the paper, but its precise direction is not given. All ions in 
the beam travel with the same speed. The following table 
shows the masses and charges of the ions. 


3. Column II gives four situations in which three or four semi¬ 
infinite current carrying wires are placed in xy plane as 
shown. The magnitude of the direction of current is shown 
in each Figure. Column I gives statements regarding Ehex- 
and ^-components of magnetic field at a point P whose 
coordinates are (0, 0, d ). Match the statements in Column I 
with the corresponding figures in Column 1L 


it. 


Column I 


Column II 


The jc- component t of 
magnetic field at point 
P is zero in 


Thez-component of 
magnetic field at points 
is zero in 
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4. A square loop of uniform conducting wire is as shown in 
Fig. 9-355. A current /(in amperes) enters the loop from one 
end and exits the loop from opposite end as shown. The 
length of one side of the square loop is t meter. The wire has 
uniform cross-sectionarea and uniform linear mass density. 
In four situations of Column I, the loop is subjected to four 
different magnetic fields. Under the conditions of Column I, 
match the Column I with corresponding results of Column l[ 
(B 0 in Column 1 is a positive non-zero conslam) 

'4 


in 




in i 

l i 

'in 


//2 

Fig. 9.355 


Column I 

Column II 

t. B = B 0 1 in tesla 

ii. B = B 0 j in tesla 

iii. B = B 0 (? + )) in tesla 

iv. B -Bqk in tesla 

a. Magnitude of net force 
on the loop is Bql t 

newton 

h Magnitude of net force 
on the loop is zero 

c. Magnitude of net torque 
of the loop about its 
center is zero 

d. Magnitude of net force on 

the loop is B 0 l £ newton 


5. A charged particle with some initial velocity is projected in a 
region where non-zero electric and/or magnetic fields are 
present- In column I, information about the existence of 


electric and/or magnetic field and direction of initial velocity 
of charged particle are given, while in Column ll the probable 
path of the charged particle is mentioned. Match the entries 
of Column I with the entries of Column II. 


Column I 

Column II 

i. E = 0,Z? 5*0 , and initial 
velocity is at any angle with B 

a. Straight line 

ii. E & 0> B = 0 and initial 
velocity is at any angle with E 

b. Parabola 

iii. E*0> B*Q,E\iB and 
initial velocity is J_ to both 

c. Circular 

iv. E & 0, B ^ 0* E 

d. Helical path with 

perpendicular B to and 
v perpendicular to both E 
and B 

non-uniform pitch 


6 . An elementary current loop is placed in a non-uniform 
magnetic field as shown in Fig. 9.356. In Column I* different 
orientations of loop arc described and in Column I], the 
corresponding forces experienced by the loop. 





-► x 


Column I 

Column D 

i. In the given situation, 

a. resultant force is 


acting along P m ' 

ii. Tf loop is rotated such that 

b. resultant force is acting 

P m is along +ve 

opposite to P m 

Z-direction, 

iii. If loop is rotated such that 

o 

ii 

uT 

o 

ii 

0 

P m is along -vc 


Z-di recti oh 

Iv. If loop is rotated such that 

cL l' x = 0,F. = 0 

P jn is along +vc 


T-direction 



7. Consider a closed loop in the form of a Trapezium carrying 
current /. Match the following regarding the magnitude of 
magnetic field at point P. 
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Column I 

Column II 

i. Magnetic field due to AB 

ii. Magnetic field due to BC 

iii. Magnetic field due to DA 
iy. Magnetic field due to 

complete figure 

a, is greater than that due 
to DA 

b is greater than that due 
to CD 

c- is not equal to zero 
d is zero 


8 . Match Column 1 with Column II 


Column I 

Column II 

i. A charge particle is 

a Velocity of the particle 

moving in uniform electric 
and magnetic fields in 
. gravity free space. 

may be constant. 

ii. A charge particle is 

b Path of the particle may 

mov ing in uniform electric 
magnetic and gravitational 
fields. 

be straight line. 

Hi. A charge particle is moving 

c. Path of the particle may 

in uniform magnetic and 
gravitational fields (where 
electric field is zero). 1 

be circular. 

b A charge particle is 

d Path of the particle may 

moving in only uniform 
electric field. 

be helical. 


9. A square loop is placed near a long straight current carrying 
wire as shown in Fig. 9.357. Match the following (able: 


Fig. 93S7 


Column I 

Column II 

' i. If current is increased, 

ii. If current is decreased, 

iii. If loop is moved away 
from the wire, 

- ' iv. If loop is moved toward 
the wire, 

a. induced current in loop 
is clockwise 

b induced current in loop 
is anticlockwise 
c. wire will attract the loop 

d wire will repel the loop 


10, A circular current carrying loop of 100 turns and radius 
10 cm is placed in plane as shown in Fig. 9.358. A uniform 
magnetic field B = (-/ +k) tesla is present in the region. If 
current in the loop is 5 A, then match the following: 



Column I 

Column II 

i. Magnitude and direction of 

a Zero 

moment (in A-m) of the loop are 


ii. Magnitude and direction of 

b 5 n 

torque (in N-m) on the loop are 


Hi. Magnitude and direction of 

c> along positive 

net force (in N) on the 

z-axis 

current loop are 


iv. Direction of magnetic field 

d along negative 

of loop at the center is 

y-axis 


11- A square loop of side a and carrying current i as shown in 
Fig. 9.359 is placed in gravity free space having magnetic 
field B - B Q j. Now, match the following: 


A 

O' 












Fig. 9.359 


Column I 

Column n , 

i. Torque on loop 
ii. Net force on loop 
, Hi. Potential energy of loop, 
tv. Magnetic moment of loop 

a is zero 
b is along x-axis 
c. is along negative z-axis 
. d has maximum magnitude 


12. A charged particle passes through a region that could have 
electric field only or magnetic field only or both electric and 
magnetic fields or none of the fields. Match Column I with 
Column 51: 


Column I 


Column II 


i. Kinetic energy of the 
particle remains constant 


fi. Acceleration of the 
panicle is zero 
Hi. Kinetic energy of the 
particle changes and it 
also suffers deflection 
jv- Kinetic energy of the 
particle changes but it 
.suffers no deflection 


a Under special conditions 
this is possible when both 
electric and magnetic 
fields are present 
b The region has electric 
field only 

c. The region has magnetic 
field only 

d The region contains 
no field 


13. Three wires are carrying same constant current / in different 
directions. Four loops enclosing the wires in different manners 
are shown in Fig. 9360. The direction of d ( is shown in the 
figure. 



Loop-4 


Fig. 9.360 


Fig. 9.358 
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Column I 

Column n 

i. Along closed Loop I 

ii. Along closed Loop 2 

' lii. Alopg closed Loop 3 
iv. Along closed Loop 4 

a. j>Bdi =M$i 
lxttyB;-d& =-/i 0 r: 

. f. ! 

dL net work done by the 
magnetic force, tamove a 
unit charge along the loop 
iszero ' ' 


Archives 


Solutions on page 8.132 


Fill in the Blanks Type 

1. A neutron, a proton, an electron and an alpha particle enter 
a region of constant magnetic field with equal velocities. 
The magnetic field is along the inward normal to the plane of 
the paper. The tracks of the particles are labelled in 

Fig. 9.36 L The electron follows track_and the alpha 

particle follows track_ (UT-JEE, 1984) 


X X X c x X X X 



Fig. 9.361 

2. A wire of length L meters, carrying a current i amperes, is 

bent in the form of a circle. The magnitude of its magnetic 
moment is_in M.K.S, units. (UT-JEE,1987) 

3. In a hydrogen atom, the electron moves in an orbit of radius 

0.5 A making 10 i6 revolutions per second. The magnetic 
moment associated with the orbit motion of the electron is 
_ (UTJEE, 1988) 

4. The wire loop PQRSP formed by joining two semicircular 

wires of radii R y and R 2 carries a current I as shown. The 
magnitude of the magnetic induction at the center C is 
_ (HTJEE, 1990) 


5. A wire ABCDEF (with each side of length L) bent as shown 
in Fig. 9363 and carrying a current/is placed in a uniform 
magnetic induction B parallel to the positive y-direction. The 

force experienced by the wire is _ in the _ 

direction. (1IT-JEE, 1990) 



Fig. 9.363 

6. A metallic block carrying current I is subjected to a uniform 
magnetic induction as B shown in Fig. 9.364. The moving 

charges experience a force F given by_which results 

in the lowering of the potential of the face_Assume 

the speed of the carriers to bq. v. (UT-JEE, 1996) 

t Y 



7. A uniform magnetic field with a slit system as shown in 
Fig. 9.365 is to be used as a momentum filter for high-energy 
charged particles. With a field B tesla, it is found that the 
filter transmits particles each of energy 5.3 MeV. The 
magnetic field is increased to 2.3 B tesla and deuterons are 
passed into the filter. The energy of each deuteron 
transmitted by the filter is_MeV. (UT-JEE, 1997) 



® ® ® ® ® ® ®? 

® ®^®"®"®^ ® 
<•)/<•) ® ® ® &\® 
®‘ ® ® ® ® ® 

i-r 

Source Dctocior 


Fig. 9.362 


Fig. 9.365 


























































!M00 Physics for IIT-JEE: Electricity and Magnetism 


True or False 

1. No net forces act on a rectangular coil carrying a steady 
current when suspended freely in a uniform magnetic field. 

(IIT-JEE, 1981) 

2. There is no charge in the energy of a charged particle 

moving in a magnetic field although a magnetic force is 
acting on it. (IIT-JEE, 1983) 

3. A charged particle enters a region of uniform magnetic field 

at an angle to the magnetic line of force. The path of the 
particle is a circle. (IIT-JEE, 1983) 

4. An electron and a proton are moving with the same kinetic 
energy along the same direction. When they pass through a 
uniform magnetic field perpendicular to the direction of their 
motion, they describe circular paths of the same radius. 

(IIT-JEE, 1985) 


Single Correct Answer Type 

1- A magnetic needle is kept in a non-uniform magnetic field. It 
experiences (IIT-JEE, 1982) 

a. a force and a torque 
h a force but not a torque 
c. a torque but not a force 
d neither a force nor a torque 

2. A conducting circular loop of radius r carries a constant 

—i 

current L It is placed in a uniform magnetic field B 0 A 
perpendicular to the plane of the loop. The magnetic force 
acting on the loop is (IIT-JEE, 1983) 

a. irB 0 b 2 mrB 0 

c. zero d mrB 0 

3. A rectangular loop carrying a current i is situated near a long 

straight wire such that the wire is parallel to one of the sides 
of the loop and is in the plane of the loop. If steady current 
I is established in the wire as shown in the figure, the loop 
will; (IIT-JEE, 1985) 


1 


Fig. 9.366 

a. rotate about an axis parallel to the wire 
h move away from the wire 
c. move toward the wire 
d remain stationary 

4. Two thin long parallel wires separated by a distance b are 
carrying a current/ampere each. The magnitude of the force 
per unit length exerted by one wire on the other is 

(IIT-JEE, 1986) 


- W 2 h Ma? /V 

b 2 2nb ' ‘ 2 nb 2nb 2 

5. Two particles X and Y having equal charges, after being 

accelerated through the same potential difference, enter a 
region of uniform magnetic field and describe circular paths 
of radii /?, and /? 2 , respectively. The ratio of the mass of X to 
that of Y is (IIT-JEE, 1988) 

a. (/?[//? 2 ) I/2 bi R 1 /R l c. (RJR-f d. R t /R 2 

6. A current / flows along the length of an infinitely long, 

straight, thin walled pipe. Then (liT-JFE, 1993) 

a the magnetic field at all points inside the pipe is the same, 
but not zero 

h the magnetic field at any point inside the pipe is zero 
c. the magnetic field is zero only on the axis of the pipe 
d the magnetic field is different at different points inside 
the pipe 

7. A battery is connected between two points A and B on the 
circumference of a uniform conducting ring of radius r and 
resistance R. One of the arcs AB of the ring subtends an 
angle 0 at the center. The value of the magnetic induction at 
the centre due to the current in the ring is (IIT-JEE, 1995) 

a. proportional to 2 (180° - 6) 
h inversely proportional to r 
c. zero, only if 6- 180° 
d zero for all values of 6 

8. A proton, a deuteron and an oc- particle having the same 
kinetic energy are moving in circular trajectories in a 
constant magnetic field. If r py r d and r^denote, respectively, 
the radii of the trajectories of these particles, then 

(IIT-JEE, 1997) 

a r a =r p <r d hr a >rj>r p 

c> r a =r<>>r p & i‘,, = >‘<i= r a 

9. Two particles, each of mass m and charge q , are attached to 

the two ends of a light rigid rod of length 2 R. The rod is 
rotated at constant angular speed about a perpendicular axis 
passing through its center. The ratio of the magnitudes of the 
magnetic moment of the system and its angular momentum 
about the center of the rod is (IIT-JEE, 1998) 

a. q!2m b. qim c. 2 qim d qljrm 

10. A metal rod moves at a constant velocity in a direction 
perpendicular to its length. A constant, uniform magnetic 
field exists in space in a direction perpendicular to the rod as 

^well as its velocity. Select the correct statement(s) from the 
following: (IIT-JEE, 1998) 

a. The entire rod is at the same electric potential 
h There is an electric field in the rod 
c. The electric potential is highest at the center of the rod 
and decreases toward its ends 
d The electric potential is lowest at the center of the rod, 
and increases toward its ends 

11. Two very long, straight, parallel wires carry steady currents 
/ and -/, respectively. The distance between the wires is ti 
At a certain instant of time, a point charge q is at a point 
equidistant from the two wires, in the plane of the wires. Its 
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instantaneous velocity v is perpendicular to this plane. The 
magnitude of the force due to the magnetic field acting on 
the charge at this instant is (IIT-JEE, 1998) 


a 


d 0 


2nd nd nd 

12. A circular loop of radius /?, carrying current 7, lies in x-y 

plane with its center at origin. The total magnetic flux 
through x-y plane is (IIT-JEE, 1999) 

a directly proportional to 7 
h directly proportional to R 
c. inversely proportional to R 
d zero 

13. A charged particle is released from rest in a region of steady 

and uniform electric and magnetic fields which are parallel to 
each other. The particle will move in a (OT\JEE, 1999) 
a straight line h circle 

c. helix d cycloid 

14. A particle of charge q and mass m moves in a circular orbit of 

radius r with angular speed a>. The ratio of the magnitude of 
its magnetic moment to that of its angular momentum 
depends on (IIT-JEE,2000) 

atf>and *7 lx ty^andm 

c. q and m d zyand m 

15. Two long parallel wires are at a distance 2d apart. They carry 

steady equal currents flowing out of the plane of the paper, 
as shown (Fig. 9.367). The variation of the magnetic field B 
along the line XX' is given by (IIT-JEE,2000) 






Fig. 9.367 

16. An infinitely long conductor PQR is bent to form a right 
angle as shown in figure. A current 7 flows through PQR. 
The magnetic field due to this current at the point M is 77. 
Now, another infinitely long straight conductor QS is 
connected to Q so that current Is 7/2 in QR as well as in QS> 
the current in PQ remaining unchanged. The magnetic field 
at M is now 77 2 . The ratio H ] iH 1 is given by 

(ELT-JEE,2000) 

a 1/2 b, 1 c. 2/3 d 2 

17. An ionized gas contains both positive and negative ions. If 

it is subjected simultaneously to an electric field along the 
-t-x-direction and a magnetic field along the -1-z-direction, 
then (1IT-JEE,2000) 


a, positive ions deflect towards +y-direction and negative 
ions towards -y-direction 
h all ions deflect towards +y-direction 
c. all ions deflect towards - y-direction 
d positive ions deflect towards - y-direction and negative 
ions towards + y-direction 

18. A non-planar loop of conducting wire carrying a current 7 is 
placed as shown in Fig. 9.368. Each of the straight sections 
of the loop is of length 2 a. The magnetic field due to this 
loop at the point P(a , 0, a) points in the direction 

(IIT-JEE,2001) 



Fig. 9.368 




c ‘ 


1 


41 


(f+£) 


19. Two particles A and B of masses m A and m Bi respectively, 
and having the same charge are moving in a plane. A uniform 
magnetic field exists perpendicular to this plane. The speeds 
of the particles are v A and v B , respectively and the 
trajectories are as shown in Fig. 9.369. Then 

(TIT-JEE* 2001) 



Fig. 9.369 

a. m A v A < m B v B h m A v A > m B v B 

c. m A < m B and v A < v B d m A = m B and v A = v B 

20. Two circular coils can be arranged in any of the three 
situations shown in Fig. 9.370. Their mutual inductance will 
be (HT-JEE, 2001) 


d 


c~ > cr 

(a) (b) 

Fig. 9.370 


=>0 


(O 
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a. maximum in situation (a) 
h maximum in situation (b) 
c. maximum in situation (c) 
d the same in all situations 

21. A coil having N turns is wound tightly in the form of a spiral 
with inner and outer radii a and b> respectively. When a 
■ current I passes through the coil, the magnetic field at the 
center is (LIT-JEE, 2001) 


a. 


ml 

b " 

2 (b -a) a 


2 MI 


—In — 
2 (b -a) a 


22. A particle of mass m and charge q moves with a constant 
velocity v along the positive x-direction. It enters a region 
containing a uniform magnetic field B directed along the 
negative ^-direction, extending from x - a to x = b. The 
minimum value of v required so that the particle can just 


enter the region x > b is 

qbB 
2l -— 

m 

qaB 
c. -— 
m 


(nr-JEE, 2002) 
q{b-a) B 
m 

q{b + a) B 
2m 


23. A long straight wire jjlong the z-axis carries a current I in the 
negative z-direction; The magnetic vector field B at a point 
having coordinates (x, y) in the z = 0 plane is 

(jrr-JEE,2002) 


MoKyi-xJ) 

2ft(x 2 + y 2 ) 
^l(xj-yi) 
2it(x 2 +y 2 ) 


MLL + yj) 

2jc(x 2 + y 2 ) 

2tc( x 2 +y 2 ) 


24. The magnetic field lines due to a bar magnet are correctly 
shown in (I1T-JEE, 2002) 





Fig. 9.371 



a. E =0; B =bi +c k h E = a i \ B -ck + al 

c. E =0; B ~c] +b& d E=ai\R=ck+bj 

26. A conducting loop carrying a current 7 is placed in a uniform 
magnetic field pointing into the plane of the paper as shown 
(Fig. 9.373). The loop will have a tendency to 



Fig. 9.373 

(IIT-JEE, 2003) 

a. contract 
hi expand 

c. move toward +ve x-axis 
d move toward -ve x-axis 

27. A current carrying loop is placed in a uniform magnetic field 
in four different orientations, I, II, III and IV, arrange them in 
the decreasing order of potential energy (nT-JEE,2003) 



25. For a positively charged particle moving in a x-y plane 
initially along the x-axis, there is a sudden change in its path 
due to the presence of electric and/or magnetic fields 
beyond P. The curved path is shown in the x-y plane and is 
found to be non-circular. Which one of the following 
combinations, is possible ? (IIT-JEE, 2003) 


a. i>m>ii>iv h i>n>m>iv 

c. i>iv>ii>m d m>iv>i>ii 

28. An electron travelling with a speed u along the positive 
x-axis enters into a region of magnetic field where B - -B$ k (x 
> 0). It comes out of the region with speed v. Then 

(IIT-JEE, 2004) 
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Fig. 9.375 


a.v = waty>0 b. v = uaty = 0 

c. v > u aty >0 d v > u at y < 0 

29. A magnetic field B = B Q t exists in the region a < x < 2a and 
B - B 0 j\ in the region 2a < x < 3a> where B 0 is a positive 
constant. A positive point charge moving with a velocity 
v = v Q i , where v 0 is a positive constant, enters the magnetic 
field at x - a. The trajectory of the charge in this region can 
belike (ITT-JEE, 2007) 




- Bo 


2a 


3 a 




Fig. 9.376 



z 



z 



z 



Fig. 9.377 

30. A steady current 7 goes through a wire loop PQR having 
shape of a right angle triangte with PQ - 3*, PR = 4x and QR 
= 5x. If the magnitude of the magnetic field at P due to this 

loop is k f -BaL- I > the value of k is 
1 ^ 48 /^: ) 

(IIT-JEE > 2009) 

a 5 h 8 c. 7 dlO 


Multiple Correct Answers Type 


1- A proton moving with a constant velocity passes through a 
region of space without any change in its velocity. If E and B 
represent the electric and magnetic fields respectively, this 
region of space may have (ITT-JEE, 1985) 

a E = 0 y B-0 h £ = 

= 0 d E^*0>B*0 


2. A particle of charge +q and mass tn moving under the 
influence of a uniform electric field E i and uniform magnetic 
field B k follows a trajectory from P to Q as shown in Fig. 
9.478. The velocities at P and Q are v i and -2 j which of 
the following statement(s) is/are correct? 

(nT-JEE,1991) 



Fig. 9.378 
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„ 3 
a E= - 


mv 


4 \_ qa _ 


mv 


h Rate of work done by the electric field at P is - 

4 

c. Rate of work done by the electric field at P is zero 
d Rate of work done by both the fields at Q is zero 

3. A micrometer has a resistance of 100 and a full scale range 
of 50 JJ,A. It can be used as a voltmeter or as a higher range 
ammeter provided a resistance is added to it. Pick the correct 
range and resistance combination (s); 

(irr-jEE,i99i) 

sl 50 V range with 10 kO resistance in series 
\x 10 V range with 200 kQ resistance in series 
c. 5 mA range with 1 Q resistance in parallel 
d 10 mA range with 1 Q resistance in parallel 

4. H + , He + and 0 2+ all having the same kinetic energy pass 
through a region in which there in a uniform magnetic field 
perpendicular to their velocity. The masses of H + , He + and 
0 2+ are 1,4 and 16 amu, respectively. Then, 

(IIT-JEE, 1994) 

a H 2 will be deflected most 
h 0 2+ will be deflected most 
c. He + and 0 2+ will be deflected equally 
d All will be deflected equally 

5. The following field lines can never represent 

(IIT-JEE, 2006) 



a the net force is zero 
h the net torque is zero 

c. as seen from 0, the loop will rotate in clockwise direction 
along axis 00' 

d as seen from 0, the loop will rotate in anticlockwise 
direction along axis 00' 

7. A particle of mass m and charge q> moving with velocity V 
enters Region II normal to the boundary as shown in Fig. 9.381. 
Region II has a uniform magnetic field B perpendicular to the 
plane of the paper. The length of the Region II is L Choose 
the correct choice(s). (IIT-JEE, 2008) 


Region I 


& 


Region II 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

f 1 : 


Region Ill 


Fig. 9.381 


a The particle enters Region II only if its velocity V > -— 

m 

qtB 

bi The particle enters Region II only if its velocity V < - —- 

m 

c. Path length of the particle in Region II is maximum when 

< qtB 
velocity V = -— 
m 

d Time spent in Region II is same for any velocity V as long 
as the particle returns to Region I 

Assertion-Reasoning Type 


a induced electric field 
h magnetostatic field 
c. gravitational field of a mass at rest 
d electrostatic field 

6. A long current carrying wire, carrying current such that it is 
flowing out from the plane of paper, is placed at0. A steady 
state current is flowing in the loopABCD . Then, 

(TTT-JEE, 2006) 


Mark your answer as (OT-JEE,2008) 

a. Statement 1 is true, Statement 2 is true; Statement 2 is a 
correct expalantion for Statement 1. 
h Statement 1 is true, Statement 2 is true; Statement 2 is NOT a 
correct expalantion for Statement 1. 
c. Statement 1 is true, Statement 2 is false, 
d Statement 1 is false, Statement 2 is true. 



1. Statement 1: The sensitivity of a moving coil galvanometer 
is increased by placing a suitable magnetic material as a core 
inside the coil. 

Statement 2: Soft iron has a high magnetic permeability and 
cannot be easily magnetized or demagnetized. 

Matching Column Type 

1, Some law/processes are given in Column I. Match these 
with the physical phenomena given in Column II: 

(ITT- JEE, 2006) 


Fig. 9.380 
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Column 1 

Column II 

i. Dielectric ring uniformly 

a. Time independent 

charged 

electrostatic field out of 


system 

ii. Dielectric ring uniformly 

h, Magnetic field 

charged rotating with 


angular velocity a> 


iiii. Constant current in ring / 0 

c. Induced electric field 

iv. / = i Q cos cot 

d Magnetic moment 


2. Column I gives certain situations in which a straight metallic 
wire of resistance R is used and Column II gives some 
resulting effects. Match the statements in Column I with the 
statements in Column II: (UT-JEE, 2007) 


Column I 


Column II 


i. A charged capacitor is 
connected to the ends of 
the wire 

ii. The wire is moved 
perpendicular to its length 
with a constant velocity in 
a uniform magnetic field 
perpendicular to the plane 
of motion 

iii. The wire is placed in a 
constant electric field that 
has a direction along the 
length of the wire 

iv. A battery of constant emf 
is connected to the ends 
of the wire 

3. Two wires, each carrying a steady current /, are shown in four 
configuration in Column I. Some of the resulting effects are 
described in Column II. Match the statements in Column I 
with statements in Column II and indicate your answer by 
darkening appropriate bubbles in the A X 4 matrix given in the 
ORS. (IIT-JEE, 2007) 

Column I 

i. Point P is situated midway between the wires. 


A constant current flows 
through the wire 

Thermal energy is 
generated in the wire 


c. A constant potential 
difference develops 
between the ends of 
the wire 

d Charges of constant 
magnitude appear at 
the ends of the wire 


/>• 


Fig. 9.382 

ii- Point P is situated at the midpoint of the line joining the 
centers of the circular wires, which have same radii. 



Fig. 9.383 


iii. Point P is situated at the midpoint of the line joining the 
centers of the circular wires, which have same radii. 




Fig. 9.384 

iv. Point P is situated at the common center of the wires. 



Column II 

a. The magnetic fields ( B ) at P due to the currents in the 
wires are in the same direction. 

b. The magnetic fields (B) at P due to the currents in the 
wires are in opposite directions. 

c. There is no magnetic field at P. 

d The wires repel each other. 

4. Six point charges, each of the same magnitude are 
arranged in different manners as shown in Column II. In 
each case, a point M and a line PQ passing through M are 
shown. Let E be the clectru^ield and V be the electric 
potential at M (potential at infinity is zero) due to the given 
charge distribution when it is at rest. Now, the whote'system 
is set into rotation with a constant angular velocity about 
the line PQ. Let B be the magnetic field at AY and // be the 
magnetic moment of the system in this condition. Assume 
each rotating charge to be equivalent to a steady current. 

(IIT-JEE,2009) 

Column I Column II 

i. £=0 a. + _ sQ 



Fig. 9.386 

Charges are at the comers of a regular 
hexagon. M is at the center of the hexagon. 
PQ is perpendicular to the plane of the 
hexagon 
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il. v*o-. 


iii. £ = 0 




lx 

? 


+ 


+ - + 


Q 

Fig. 9.387 

Charges are on a line perpendicular to PQ 
at equal intervals. M is the mid point 
between the two innermost charges 
c. 



Fig. 9.388 

Charges are placed on two coplanar 
insulating rings at equal intervals. M is 
the common center of the rings. PQ is 
perpendicular to the plane of the rings 


iv. n* 0 


+ — 

-* 


•-♦- 4 

+ 

Fig. 9.389 

Charges are placed at the comers of a 
rectangle of sides a and 2a and at the 
midpoints of the longer sides. M is at the 
center of the rectangle. PQ is parallel to 
the longer sides 
e. 




Fig. 9.390 

Charges are placed on two coplanar. 
identical insulating rings at equal 
intervals. M is the midpoint between 
the centres of the rings. PQ is 
perpendicular to the line joining the 
centers and coplanar to the rings. 


ANSWERS AND SOLUTIONS 


Subjective Type 


: 1. Magnetic-field due to smaller ring at distance R from the 

center B = —^r 
An R 3 

where M=iiz<? 



Fig. 9.391 

B = H®. __ Mpte 1 

~ An R 3 4 R 3 

dF= i o Rd0^r- 
4 R 3 

dF x - dF sin# 

_ dd 

4 R 2 


- — l ^ J s i n $d$ 

AR 2 { 

P _ W 'o al x2= W >o^ 
x AR 2 2R 2 

Fy= 0 

p F - *° a = 3 N 

nc ' tx 2 R 2 


2. Force exert'd by air on the rod = J v 2 = pLRv 1 

Balancing torque about point 0 , N 1 (nR 2 )B = pLRv 2 = 


3 L 
4 

a 2 t*L 1 2 

■ 300 nl BR- —^—=>1= -=0,01A= 10 mA 

4 400 nBR 



Fic. 9.392 
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3* m = I 2 S 



S = BAxAD 
BA = 2dl-2 a) 

AD = X>k 
S ~ 2(di-aj)x2bk 
M = -4 bl{cCj + ai) 

I M I = 4bl\[d*-+a* = 2T 

V ^7 



/ -r ~\ 


Fig, 9.394 

Magnetic torque = NISB sin ( S , B ) NISB sin 90° 
Gravitational torque = (A m x g) £ 

For equilibrium NISB = A => A mgt / MS 

fi= (60 x10~ 6 )x9.8x 0.3 QfjT 

200x22xl0 -3 xlxlO -4 

5. We need the magnetic and gravitational forces to cancel: 

Itch IrtXg 

6. According to Biot-Savart law, 


Since the rod is in equilibrium' there is no torque in vertical 
direction. 

=> TL=^(mg-F B ) 

For wires to be tension free, 

7=0 

=> F B = mg => iLB - mg 



h. If the wire is in equilibrium the forces acting on it are as 
shown in Fig. 9.396. 




mg 
2 LB 




Fig. 9.396 


B= A) flvsin# 
An r 1 


c. For tension in the wire, 
27 + F d cos 0-mg cos 6 


„ 10 -7 x0.2x4xI0 3 x3 ^ 

B~ -p=-= 21 nT 

I09xn/I09 

7. a. Writing torque equation about A 
i = (mg-F a )^-TL 


T= —cos 5 
4 

Net unbalanced force on the rod will be in the direction 
perpendicular to the wire 

F na= m S s ^n 0— F b sin# 


F nci- ^Y sind 
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8. The ring carries current / and the magnetic field makes an 
angle 6 with the vertical at the ring's location. 



Consider a small element subtending an angle dp at the 
center of the ring. 




b sin & 


B cos 6 


V 

B cos i £ 


B sin 6 


Fig. 9.399 

Hence, force on the ring due to horizontal component of the 
field is 


dF= idiBsmOj 
dF- iBsinQrdpj 

Fj= jdF = r/Z?sin dp) 

F y = 2xirBs\n$ 

Force on the ring due to vertical component of the field is 
dF— —id IB cos 9 i 


As the ring lies in a region of constant magnetic field, B cos 
0TtoiL 

The force on it due to this component is 2ero as ^di = 0 
F = IftriBsind j 
9. 5 = 0.5 T; / = 6A 
..... 1 l 1 

1* l = 2 : 4 : g 

111, 

2 4 8 


. 16 A . _8 . , _4 A . _2 

6 " ~ J Al * 2 “ 5 A ' u " 5 A *'» “ 5 A 


<S> 



a. The forces acting on spokes are as shown in Fig. 9.401. 
Hence, the wheel starts rotating in the anticlockwise 
direction. 



h r= 0 . 2 m 

Suppose the torque acting on the spokes with 
resistances 1, 2, 4 and 8 Q. are r h r 2t and f 4 > 
respectively. 

Then, as all these torques act in the same direction 
T nci = r 1 + T 2 +^+r 4 

=> *=hB> l - + i 1 Br'- + i A Br'-+i }i Br’- 

Br 2 . . . . / Br 1 

- -^-0i +'2 +'4 + , 8)-~y 


Fji = jdF = —i jdtB cos 61 = 0 


t = 


6 x 0.5 x (0.2) 2 
o 


= 1.5x0.04 =60x10 3 
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= a06Nm 

Hence, r= 0.06 Nm 0 

10. For the equilibrium of a small part of semicircular arc 
subtending an angle of d$ at the center, 


12 . 



or, 2rsin| ^-\ = BIr a d6 


B=1 1 = - 


1.5 


= 1T 


Ir 0 (10)(0.15) 

11. The work done by the potential differences get stored as its 
kinetic energy. 

, l^ q v ® 


2 ^ m . 

a. When it enters the region x s [0, a\ it experiences an 

electric field E-Ej 

Time taken to cross the region: vt = a 


a 

t = — = a 
v 


/ \i/2 

m 


12 qV 


(ii) 


The distance travelled in y-direction during this time is 

1 qE 2 1 qE 2 m 

y=-—t = -x —xa x-- 

2 m 2 m 2 qV 

1 Ea 2 

^ y =- 

y 4 V 

Hence, the particle meets the line x = a in point 




b. Now, velocity of the particle as it crosses the line x = a 

v - = j 

\m ) m\ m ) 

Magnetic field in this region, B = Bj 


Hence, the time period of revolution, / = 


2ftm 

~qB 


—, , 2 nm (mg 

Pitch p = Vi. t -x qE\ —— 

mqB [lV 


\n 


P = 


ftaE 


2m 

yvq 


1/2 




2nd 


= Xta (where i = length of each rod) 


Jo_\ Q-fJc 

2nd RC 


= M 


dv 

Tt 




PoQ 


Pq <2 

2nd ( RCf 

-= A£v=> v = - 

2nd RC.2 4ndRCU 

13. a. The particle will move in circular paths, as velocity vector 
is perpendicular to magnetic field. Time period of both the 

2 Tttn 

~Bq 


particles is same T - 


So, for collision not to take place, 
r { +r 2 <d 

mv 2 mv , Bqd 

— +- <d orv<-— 

Bq 2 Bq 2m 

Therefore, maximum speed should be 

2m 


i.e» v> < 


Bqd 

2m 


b. From symmetry, it can be concluded that collision occurs 
at dll if 


v = 2v_. = 


qBd 


mv , . „ dl2 1 ^ n 

r- — = d y sin 6 = —— = —; 6=-~ 
qB d 2 6 

l - x (—1 - - ***** 

l ~ T {2xr^{ 2fi ) 6qB 



Fig. 9.403 

c. After collision, charge on the combined particle = -q y 
Mass = 3m 
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The combined particle will have velocity in y-direction 
just after collision. Using conservation of linear 
momentum 

(mvcos^z +wav sin 6 j) + (-2mvco$&i + 2mvsin0 j) 

= 3 mv 



Now, consider only one side AB of the loop as shown in 
Fig. 9.404(b). 


3 mv = -mvcos<9i' + 3mvsin0j 


- . V * V - 

v = 1 pl.H — J 

iS i 


I V I = V, 


1 1 


4x3 4 


1(4 


+ - =v. - - = 


41,3 J V3 


I. 1 - qBd qBd 

Ivl = —j= X 2 x —— = —- 

■47> 2m yfem 


r=* m -p- = Sd 

14. Changing the direction of current in the wire, we can change 
the normal reaction on the wire by the surface. 

In one case, magnetic force on the wire will be in upward 
direction while in the other case, it will be in the downward 
direction. Hence, normal reaction, N-mg± Bit. 


/(friction limiting) — Bit) 

As F { > F 2 , 

F { = -M(mg+BU) (i) 


F 2 = fi(mg-Bit) 
From equations (i) and (ii), 


(ii) 


_ mg + Bit 
F 2 mg - Bit 


mg - Bit 


1 


0*0 


F -Fy 

From equations (i) and (iii), we get ju = —— 

2BU 

IS. Axis of the loop means a line passing through center of loop 
and normal to its plane. Since distance of the point P is x 
from center of loop and side of square loop is a as shown in 
Fig. 9.404(a). 


t' 5 



<-- a -► 


Fig. 9.404 (a) 

Therefore, perpendicular distance of P from each side of the 
loop is. 



a= fi = tan -1 ^ j = 37° 

Magnitude of magnetic induction at P, due to current in this 
side AB, is 

B 0 = ^-(s\na + sinfi) 

4 nr 

= 9xl0' 5 T 

Now, consider magnetic inductions, produced by currents 
in two opposite sides AB and CD as shown in Fig, 9.404(c). 



Fig. 9.404 (c) 


Components of these magnetic inductions, parallel to plane 
of loop neutralise each other. Hence, resultant of these two 
magnetic inductions is 2B 0 cos 0 (along the axis). 
Similarly, resultant of magnetic inductions produced by 
currents in remaining two opposite sides BC and AD will 
also be equal to 2B Q cos 0(along the axis in same direction). 
Hence, resultant magnetic induction, 

B- 4P o cos0 

B= 4x(9xl0" 5 )^^ 

■r 

= 2.7 x 10~ 4 T 
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16. Circuit segment shown in Fig. 9.405 can be considered in 
three parts. 

1. A circular loop in y~z plane. Since this loop is made of 
uniform wire, therefore magnetic induction at O due to 
it is/? t = 0. 


Z 



2. A Straight part, parallel to jc-axis. Magnetic induction 
due to it is 






A nR 


<-*) 


= _/V ; 

AnR 


3. A straight part in y-z plane. Perpendicular distance of O 
from axis of this straight part is r = R cos 45° as shown 
in Figure. 

' Angles subtended by lines joining 0 and ends of this 
straight part with perpendicular drawn from 0 are 
a= -45° and 0- 90*. 

Magnetic induction at O due to this part is 


h= 


—— (sin a +sin B) 
AnR H 


53 = ^( 72 - 1 )/ 

AnR 

B = Bi+B 2 +B 3 =-—Cy/2-l)i-—k 


Objective Type 


1. c. The neutron follows straight path. This is because of zero 
force. 

- BI 

2. c. (hog) a - Bla or h =- 

PS* 

3. C. F = Bqv 

1 . 

But -mv = eV or v = 

2 



_ n /2eV 

F= Bq - 

V m 

=> Foe yjv and 
F'oe ^2V 


— = F or F’ = 4lF 
F 

4. b. For the particle to move along anticlockwise path, force 
should be along ./.Velocity is along i. 

Now, F m - -e(v xfl) 

In terms of unit vectors only, 

j = -(i x?) or j “ ?x i 


Clearly, ? is ic. 

c 1 ^ T/ 

5. c. —mv -aV or v = J- 

2 v m 


mv 


Centripetal force,- =qvB 

R 




Here, V, q and B are constant. 
Hence, R « >/3 


So, 


m ' f R ^ 

m \ _ K \ 

”h 1 * 2 , 


6. b. Current due to a stream of electrons will be in a direction 
opposite to the direction of current in the straight conductor; 
which is held parallel above the stream of electrons. The two 
currents are in opposite directions and hence they will repel. 
So, the stream of electrons is pulled downward. 


7. b. Bev = 


mv* 


or 


r 


mv 

He 


As mv-sJlmT (T = KE ), 


sllmT 
so r =- 


Be 

As the electron has been accelerated from rest through a 
potential difference of V volt, therefore T- e V. 


r- 


2 mVe 



8. b. Bqv = — 

* r 




or %qr - mv 

For electron as well as proton B is the same, r is the same arid 
nuiriferically charge q is the same: therefore mv is constant. 
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or 


Or 


K m Pj 


0.90x10' 


SH( 3 -o*io‘) 


L8xl0" 

= 1.5xl0 3 

9. b. Since the charged particle passes straight without 
deflection, therefore 
Bqv = mg 


or 


mg 10 3 xlO 1rt3 
v= —- =-— = 10 ms 1 


Bq 1x10' 

10. a. Since the particle moves horizontally, the resultant force 
is zero, 

i. e.» mg + Bqv - qE- 0 
or mg + Bqv-qE 

or 2x 10" 5 x9.8 + 2.0x 10^x v = 10" 6 x200 
Solving, we get v = 2 ms' 1 

11. b. The charged particle has circular path in the. case when 
only magnetic field is present. 

12. a. B F = 0 and B*a = 0 
(2iV3y+4JfcHjrf+}-*) = 0 
2* + 3.1 + 4.(-l) = 0 


2jc+ 3 -4 = 0 


1 

x = - 
2 


13. a. It is clear from Right Palm Rule that the charges are 
positively charged 


As 


r = 


mv 

1b 


The radius of path is not the only function of either m or q. 
For (b), (c) and (d) we cannot make clear statement, but 
statement (a) is certainly true. 


14. a 


V 


600 V 


1 


15. c. 


3xl0' 3 m 2x 10 6 ms” 1 

= io-'t = o.it 


2 am „ m 

T= -or T *= — 

Bq q 


4m q 
-——x — = 2 
2 q m 


or 


16. c. 


r - 2 [fh 


10|xs 


B ,aL or 

2r 2rT 


n 4^x10 7 x q 
B- --- -n 


2 r 


B= ^ixlO“ 7 NA“'m 


17. a. Time interval in which v returns to its initial value is same 

2 nm 


as time period of the particle, hence the required time = : 


eB 


18. d. R t <R 2 and R = ™ of 


/ \ 

m 


qB 




>1 


19. d. Depending bn the direction of magnetic field, tension may 
increase or decrease. 

20. a. F«|vx^| = k\aD-dA\ 

2La 

v/ 



Fig. 9.406 

The initial force on the electron is downward. As the 
electron changes direction, the force on it remains in the xy 
plane, with a component directed toward the conductor. 

22. a 







2 


1 


X X 


Fig. 9.407 

The particle moves in a circular path with radius d if it is to 
just miss the wall. 

=> mv - Bqr 


or 


B = 


[qfm)d sd 
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23. a 


C 



Fig. 9.408 

A to D is part of a circle with center C. 

CD-r 

mv = p-BQr 

or r-p/BQ 

. . ED d BQd 

- > , sin 0- -= —=- 

CD r p 

24. h' 1 -,inv = BQr 

( m \ 

or r= — v 

U Q) 

As m, Q and B are the same for all the electrons, r v. 


25. a. T = 2/r = -^ = the same for all electrons, as it is 

QB 

independent of v. 

26. b. For a particle moving in any combination of electric and 
magnetic fields, work is done only by the electric field. 
Energy of the particle = work' done by the electric field 
- electric field x displacement in the direction of the electric 
field. 


27. a. Use F - IBt sin 6 and the kinematics concepts. 

28. b. If the particle passes through 0, the situation can be 
shown in the figure. Let r the radius of circular path then 
from the given figure 



r 2r 


mv 

r ~~qB 


sin 6- 


RqB. v _ $BR 

2 mv* 0 2m sin 0 


29. b 



E= lOVm' 1 
v- 10 cms" 1 
?e=F b 
qE-Bqv 

_ E - 10 
= v ~ 10“ 2 

B= 10 3 T 

30. d.y will be less than zero. 

The trajectory will be as shown in Fig. 9.411 


y ▲ 



Path 

of election 


Also, F= evB = e 



\2_eV 

m 


xB 


Therefore, 


2 F 
\T_ 4 
V ~ 1 


■i 


32. d. E is parallel to B and v is perpendicular to both. 
Therefore, path of the particle is a helix with increasing pitch. 
Speed of particle at any time t is 


V= ^+Vy+V z 2 (l) 

Here, v 2 +v 2 = Vo 

and v = 2v 0 

Substituting the values in equation (1), we get 
_ 73mv 0 
qE 

33. b. As the magnetic field is uniform and the particle is 
projected in a direction perpendicular to the field, it will 
describe a circular path. The particle will not hit the y-z 
plane, if the radius of the circle is smaller than d. For the 
maximum value of v, the^adius is just equal to d . Thus, 


mv 

Tq 



m 

34. c. Using, impulse = change in linear momentum, we have 
J F dt = mv 
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= mv> 


or J (iB£) dt = i 
or Blq = ntv (as J idt = q) 


9 = 


mv 

57 


35. d. From Fig. 9.412, it is clear that deviation is 180° if x > R. 
x x x 



jc=1.5 R 

Fig. 9.412 


36. c. 


r _ mv o _ 

x _ 

7 ~ T 

(9= 60° 


- - sin 0 


7 

; OA “ ~ - ' 


ft 


6 3 B,a 



Therefore, ^-coordinate of particle at any time t > 


ft 


3 B,a 


will 


be 


77 v 0 

x- ——— + 

2 B 0 a 0 

_ V3 v 0 1 Vq 
2 B 0 a 2 






35 0 tf, 


cos 60° 


t-- 


3B 0 a 


37. c. 


y = 2r- 


2mvn 2v ft 





Here, = « 
m 

38. a. 7 CA£> = F cd - 

Net force on the frame = 3 F co 
= (3) (2) (0(4) (F=ilB) 

= 24N 

39. b. Electrostatic force on the electron should be equal and 
opposite to magnetic force, i.e., 

F c = -F m 

or qE=-q{v*B) 

■4 il' 

So, B should be along negaiive z-axis. 

40. c. 

2ftm , Jefa . 2mn . Aeo . 

p = - (v> cos 45°) = —- (v sin 45 ) 

B%\u Bq 


/ mysife45 c 
’ - Bq 


_ JL 

2 ft 

= radius of helix 


41. d. cr= — , path of the particle will be a helix of ti»e period, 
m 


7= 


2 Km _ 2 ft 
B Q q B 0 a 



Coordinates of particle at tinie t = 7/2 
would be (v x 7/2, 0, - 2r) 

Here , 


The coordinate are 


^ v K n o 2vq > 
V 5 0 «’ ‘Boa; 


42. c. The particles will not collide if 
d>2(r x + r 2 ) 


or 


J>2 


/ mV| ^ mv^ N 

K Bq E( l * 


, 2m, x 
or d> — (Vj +v 2 ) 
Bq. 
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43. d 

/y /y _ /y ( l \ 

2 r 2jtr 2 r\ 7t) 

_ /Jq/Qt-1) 

2;rr 

44. c. No force on PQ and SR. 

Force on PS or QR = Bit 

= 2 x 1(T 2 X2 x 0.25 N = 10" 2 N 
t= 10 -2 NxO,4m = 4xlO~ 3 Nm 


45. a. All points on AB are equidistant from the two wires. So, 
magnetic Fields are equal and opposite. Thus, they cancel 
out. 


46. a 


2 r 


/« By 


Zl- I I-I 

I 2 ~ 3 X 2~ 6 

47. d. The magnetic fields due to both the currents are along 
‘-Z-axis\ So, they add up to give a net magnetic Field along 
‘-Z-axis\ 

48. b. At the midpoint of the line joining the conductors, B = 
0. As we come close to the wires, the magnitude of B 
increases. The direction of magnitude Fields on opposite 

sides of a wire will be opposite. Again, B = 0, as r —» 


49. d 

50. h 


B = —— [sinO-sinOl : 
And 




- Mo x 

2 nlR 2 

An 

(R 2 +x 2 f 

B . = 

Mo 2nl 

^center 

An R 


Mo 2nIR 


> 2 1 


>o v 2g/ 

An R 


51 


4 * X (R 2 +x 2 f 2 8 

or (R 2 +x 2 ) 2n = SR 2 

Solving, we get =x- R^3 
,. c. Magnetic field at the center due to either arm 

By = — x ^ — [sin 45° -v sin 45°] 

1 Ak (L/2) 

_Mo 2jll 
An L 

Field at center due to the four arms of the square 

Mn 2-J2 / 

D= AB, = 4x—x—— 

An L 


52. d. Torque T acting on a current carrying coil of area A placed 
in a magnetic field of induction B is given by 
T= NIBA sin 0 

where / = current in the coil, B- angle which the normal to 
the plane of the coil makes with the lines of induction B. 
Here, N= 1, 5=1.5xl0" 2 T 

A = 0.05 x 0.08 = 40 x 10' 4 m 2 
/= 10.0 amp, 6= 90° = n!2 


r= (1.5 x 10‘ 2 X10.0) x (l)(40x lO^sin ^ 
= 6xl0r 4 Nm 


53. a .<§B‘dl = Mol 


= 4?rx 10~ 7 x 


An 


= 10 _7 Wbm _l 

\ 


54. c. 


1 An 


2nl, 


y 


B = Vo( 

2 4 n h , 

t 2 = 2/*],5j — B 2 and 1 2 ~21] 


Vq = Ij x r 2 27, ^ 2t\ _ A 

Vp Iy X Tj ly r { 1 

55. d. Using right hand rule, the direction of magnetic field is 
clearly toward west at A and B 






Fig. 9.416 


56. b. Using Ampere’s circuital law, B = 0 for r <R ] 
W 


B = 


2 n(Rl-Rf) 


r 2 - R 2 X 


for Ri<r<R 2 


and B= for r>R 7 
2 nr 2 

The corresponding B-r graph will be as shown in option (b). 





























9.116 Physics for I1T-JEE: Electricity and Magnetism 


57. lx 


(i) 


20 A 


40 A 


t—S' 


( 2 ) 


20 A 


(3) 


Fig. 9.417 

Hence, net force on the middle wire will be toward the 40 A 
wire. 

58. d. No current will flow through section BC as the potentials 
of points B and C are same. Therefore magnetic field at 
center 0 will be equal and opposite due to section AB and 
AC. Hence, they cancel out. 

59. c. Net current is (20-6+12-7 + 18) A, i.e.,37 A. 

10 1 

r= -m = — m 

100 10 

B 4^xlQ- 7 x37xlQ T 

2 nr 2;rxl 

i-6t = ' 


60. b. 


= 74 x 10 -6 T = 74 [tT. 


bA 

4 


B= W I tsL 

8 a 8 b 


'a£ 

1 

H— 

'a' _ 

_ 2 a _ 

4 



61. b. Magnetic field due to straight wires 



B 


circular" 


IMoL _ MqI 

4 2 r 8r 

B _ 2 Hi 

"slraighl _ 4^05.450) 


[sin 90° - sin 45°] 


2nr 


. l V2. 


or 


b=^~ 


4 


1 . 1 
-+— 

L r ] r 2 J 


r> +r, 


n r- 


1 '2 


,-2 


63. a. 


F = 


4trxl0 x20xl0xl0xl0 
2trx2xl0 -2 

_ 4^xl0~ 7 xl0x30xl0xl0~ 2 

' 2^xl0xl0“ 2 

. 4 « 10 -’ x 10 X 10- i [100 _ 301 

2n'x\QT 1 

= 20x l(T 7 x70= 1400 x 1CT 7 
= 1.4 x 10" 4 N toward right. 

64. c. AB and DE do not give any magnetic field at Q. 

LUl 

Magnetic field at Q due to BC- 

4 na 

It is directed ‘up’. 

Magnetic field at Q due to 

A' A 

Ana 

Mol 

2 na 


So, 
65. a. 


EF = 

B = 


B = [sin + sin d 1 ] 
And 


But 0j+^=9O° or = 90° 
sin ^ = sin(90 0 -^) = cos^ 
Similarly* sin6^= cos^ 


B~ —(cos <f\ + cos (k) 
4 xd. 


66. c. 


B = 


Mol 

Anr 


-1 ■ ft 
2 sin — 



Fig. 9.419 


.p. nr 

But cos— = — 
n R 


62. c. 


A' 


or 


r- R cos 


n 
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B = 


/V 


. ■ R 
2sin — 


or 


AnRcos— L 


B= i54L.il 
2 ft R |_ n ^ 

67* c. Consider an element of thickness dr at a distance r form 
the center of the spiral. 

N 

Number of turns, dN =- dr 

b-a 



or 


dB = 

dB = 

5 = 


N . , 
A) 7 —dr I 

b-a 

2 r 

2 b-a r 
/V N fl 


2 b 
// 0 ; N 


-a J r 


2 & -a 

//p M 
Wb-a) 


khi 

[log f i-log d a] 


5= ^, 0g ^ 


2(i?-a) 

68. c*Bl = 2T sin 0 
0is small, sin £= 0 



^ = 27sin0 = 2T-0 




7 

or fl/= - 
r 

t 

But 2^r= ^ or r - — 

2 n 

72;r ^ 

BI= -or 7 =- 

t 2 k 


69. c* The forces Fq on the current carrying wire P due to the 
currents in Q and R are shown in Fig. 9.367. The resultant 
force is F which is best represented by vector C in the 
original diagram of the question. 


® Q 



70. a 
But 

or 


Bab - 


/V 


4k(OC) 
OC - r cos 0 


[2sin0] 


B AB =^-(*ne 

2 nr 


Magnetic field due to circular portion, 

_ p 0 l 2x-20 _ ju 0 I 

B ad - — -~--- (K-O) 

2 r 2 it 2 7 tr 

Total magnetic field 

2 Kr 2 nr 

=.-^-[tan<?+jr-0] 

2 nr 

71. a. The m'agnetic field on the axis of a coil carrying current /, 
having n turns, radius r and at a distance h from the center of 
the coil, is given by 


B= Mo x ZxNlr 


4 * p + ^f 2 

The field at the center is given by 

^ym 

4 n r 


( 1 ) 


( 2 ) 


_B_ 

Br 




.4 

r 


V2 
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3 h L 


1 + T — 

r 


2-* 


or B 


A B c-B) 3 h 2 
B 2 r 2 

72. b .R-A-xm.HLx 2 * 1 * 2 * 


An R An 


( 1 ) 


(•.■ L=2nR, for circular loop) 


5 2 = T 2 - x T ~ttt [sin 45° + sin 45°] x 4 
4x [all] 

where a = (L/4) 

B 2 = ^-x8x4x 
2 AnL 


72 + 72. 


/y x 64 
AnL 72 


A (A W7 / aq ,, 67 
S 2 L j AnL 72 


or 
73. c. 


A - * 

5 2 ~ 872 



Fig. 9.423 

As two coils subtend the same solid angle at O » hence area 
of coil; Y = 4 x area of coil X 


Solid angle = 

i. e., radius of coil Y = 2 x radius of coil X 
2^7 (2> 1 ) 2 


area 


(1 distance) 2 


*<■=£* 




[( 2 ') 1+ (‘ ,1 )I 

2*7 (r) 2 


"Mil 


3/2 


" 3 h 2 " 

1 +- 

- B r 

. _ 

4 


'A r 2 +.d 2 " 

2r 2 

C 

B x 


^3/2 X 

4 


“| 3/2 


4 _ 4 _ 

3/2 - g “ 2 


w 

74. b. Magnetic force acts in the direction shown in Fig. 9.424 



Road will move downward with constant velocity if net force 
on it is zero. 

or F m cos 6-mg sin 6 
or MB cos Q-mg sin 6 


B 


- {fh* 

Mol 


7S - b ’ *<■” = iSU < sl " 45> si » «•)= 


Radius of circular loop r = 


In 


■* circular" 


B„; 


2 r L 


X 

K = ^ 

76. c. Magnetic field due to infinite current carrying sheet is 
u n J 

given by B = —where J is linear current density. 


2 1 




tk>J 
' 2 


/W 

2 


N 

& 


/4>J 

2 


(a) <b) 

Fig. 9.425 

Fig. 9.425(a) and (b) represent the direction of magnetic field 
due to current carrying sheets. 

For x< a, Z? resuttail[ ----— + —“— 


For a < x < 2a, 
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p _ _M MW MW^MAJ) 

resullanc ~ 2 ^ - -= ~/J D J 


For2a<x<3a f 

= #>■/ , #,(27) A, (37) | a,(47) 

For 4a<x> 


^resultant — + ~^~ 2 ~ ~ ' “ 2 ” + 


a . = zMsL.fk^J) ( ^o(3^) M*J) n 

^resultant-~ + £ + -^ = 0 

So, the required curve is 



77. a. See the direction of torque about center. 

78. d. Magnetic field at the center due to the given configura¬ 
tion is zero. 

79. c. Force is of expansive nature. 

T= IRB 


80. a 


B, = 


_MoI 


2nR 


If the radius is RJn\ the number of turns will be n . 

B = 71 A) 7 zn 2V 

c 2n(Rin) 2 kR 

Hence, — = 4r 
Bc n 2 

81. b. Magnetic field due to l AB'\ 

s^-^L 

AnR 

/V 


. ft . 7C 

sin-sin — 

2 


82. a. As shown inFig.9.427, 


\2naj Tta 
- magnetic field at Q 

S z = 

2/r a In 3a 


= magnetic field at P 
3ff <7 



Fig. 9.427 


B t /B 2 = -3 


83. a. 


S 2 =^0 

4r 4r 


h 




®+^G 

4;rr 


/V 

4r 

/V 

4r 


3 I 

-®+-o 

2 ;r 


3.7-2 


2n 


= ^£fl¥ 

4r l /rjl 4 2 


4tt/? 


. I_ V2 


4_ 

1 


1 

II 

o 

“1 : 


r 3# 

i) 


® 

84. b. 

^center — ^ 

,2J 

UJ 

: U“ 

2 J 

/ 


A,/ 

fl 2 = TTT © 
2 27? 


Magnetic field due to straight wire BC, 

G 


4 = 


4nR 

. /V 


. 71 . 7t 

sin —+ sm — 
2 4 


M 0+< M 0 + a' 0+ a' 8 , =0 

4^i 4^ 26 2a 

/V , Aq/ _ 0 

2nb 2b 2 a 


AnR 


1 + 4 = 

. -J2 J 


-^- + —= — 
2nb 2b 2 a 


B = By + B 2 + S 3 

- fe + W 1 


n 

7t + I 


2R AnR 72 


*i 

II 

0 

1+ i 

; 2 r 

—1 


85. c . M = /V 2 

‘ 4^(a+jc) An(a-x) 
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a-x 


I^a-I |jt = J 2 a J rl 2 x 


x- 


v'l +h 


86. c. Magnetic field at the center 


5 = 

2c 2b UJ la UJ 


As per problem: 

/V 


0= 


^l 3 3 " 

3 

'1 r 

c 4b 4n 

^ 4 

b a_ 


If c = 2 a, 


3 r i 11 i 5, 

---— ^ a =- b 

4 ib a j 2a 3 


87. c. 


4 tlR 4 7tR 4 tuR 


S 2 = |G=^ 

2 AnR\2 


2 

3 


88. a. 


^axial - 


1 = 




n , 2 , 2 \ 3/2 

2 ( a : +a ) 


= 54x10 T 


54x10 6 x2(x 2 + fl 2 ) a/2 




R - 

^cenicr « 
2 


Substituting for A 

// 0 54x lQ-*x2(.t 2 + a 2 ) 3/2 


^center 


Mo a 

54 x 10 -6 x (.t 2 + a 2 ) 3/i 


Putting x= 4 x 10 -2 m and a = 3 x 10" 2 m, wcgct 
B CL . Mcr = 250 x 1 O^T = 250 |iT 

81). a. 



B y 


5„, 


- 1 —-= i^3xl0 2 =3xlO“ 5 T 

2 2>rxl0“ 2 An 

^-——- = 4x10 -5 T 

2 2/rxl0“ 2 

Js 2 + = ^25xlO' 10 =5 X IQ" 5 T 


90. c. 


_/^o 2£. _//o 4/ 

1 ~ 4a- 5 ’ 2 ~ An R 


5 2 -5, 


a"=» 

An R 


B 2 = 25, 

25,-5, = B 
5, = 5 

91. a. Torque due to magnetic field r raag = MB = !nR 2 B (i) 
Torque due to weight about the point where string is 
connected 


Avcifihi = m B^ 

If ring remains horizontal, then = T wcight 


/7rR 2 B = gR^>I=-^- 
6 xRB q 

92. a. To find the magnetic field outside a thick conductor, the 
current may be assumed to flow along the axis- As points 
1,2 and 3 are equidistant from the axis. 

B\ = B 2 - £3 

93. c. Apply Ampere's circuital law to the coaxial circular loops 
Li and L 2 . The magnetic field is B, at all points on L { and B 2 
at all points on L^. U * 0 for L, and 0 for L 2 . 

Hence, B { * 0 butZJ 2 = 0 



[As j> B.dt = y i) Y < 1 1 

94. b. Consider an element of length dx on AB y at a distance * 
from XY. Force on the element, 
dF - {p4l2nx)Vx dx 
Total force on AB> 

F * 

J li 2 2nx 
or i 0 g 3 
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95. d. Net force on a current carrying loop in a uniform magnetic 
field is zero. So, magnetic force cannot balance its weight. 

96. a. Magnetic field at O is 


97. c 


98. b. 


3 


— - (sin 60° + sin 60 ( 
4 k r 


°)j 



=3 & (i) 


Pig. 9.430 

= 9/v 

^2 J L 4kL 


. a 
x- r sin — 
2 



Ao_ 

2n r 


2k 


it 


1 + cos — 
2 


. ar 
sin — 

2 

111 lf 

- -j-1-1- ■ * ■ \k 

1 4 16 


U 8 ) J 


A. 

2;r 


i-i 


LV 


\ 

f > 

" 

- 1 

1 

A 

k — 

k 

2 

) 

i-- 

L 4 ) 



= ft = f-x2xKT 7 )jC 
3 2 # ^3 J 


= 1.33xl(T 7 * 

99. a. Point (0,0, -a) lies on z-axis, therefore magnetic field due 
to current along z-axis is zero and due to rest two wires is 
tu 1 

— in mutually perpendicular directions along positive y- 
2k a 

direction and negative jr-direction. 


B = ~—(j ~ 0 

2 K a 


100. d. Magnetic field at P is perpendicular to paper inward due to 
both the wiies. Charged particle is also projected in the same 
direction. So, force on the charged particle is zero 


as v II B and F m - q(y x B) 



--H 

M dfi 

Fig. 9.432 


101. a. E.m.f. induced in coil, £- —— 


At 


u-u 


(p 1 = BA 2 -B -^-x —xsin60° = 

2 2 2x3 3 9 

= Bet 2 


Work done, W = el At = Ba 2 



102. d. sin 0= - 
R 

® <2 ) <& B 



qB 

q vsin# 

^ -L = -- 

m Bel 

103. b. Magnetic field may be zero in first and third quadrants. 

E$L- - represents a straight line passing through the 
2k y 2 kx 

origin. 
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104. a. The gravitational torque must be counter balanced by the 
magnetic torque about O »for equilibrium of the sphere. The 
gravitational torque - fdr 2 B sin# 



110. b ,F=BI ] £ + BI 2 £ 



Fig. 9.436 




t 


T 


Fig. 9.434 

/. mr 2 B sin0=mgrsin0 
mr 

105. b. T = IrcmfqB 

'He>'p>*e 

106. b. Applying Ampere’s circuital law. 

B2jrr= for r<a 

nor 

and BlnR= for R>a 

Taking the ratio 

r _ r 2 
R " ? 

/. a - 'Jr? 

107. b. B = ^-^r 

4n d 3 

A) igftR 1 

4n d 3 

T= /-j.2 A) . . Ao 

4# <f 3 4 d 3 

108. b. As we know that 


=> F= B£(I l +I£ = Bie 

111. a. £ at all the points lying on OP is zero so u will not be affected 
by the magnetic force. Hence, it moves on a straight line. 

112. b. There will be no effect of magnetic force on time period 
because the magnetic force will be perpendicular to the 
inclined plane. 



113. c. Taking moments about point B to be zero. 



t 


mg 

Fig. 9.438 


F = (jldtxB and T = M xB 
109. b. a>=2m 



Fig. 9.435 

i X 2 JtR = Ro>q — Klnnq 

B _ A)i _ 

2 R 2 R 


T, 1 + ibiB - mg — ; 

2 


?1 = 


mg - 2 ibB 


114.4 b = ^ 

2r 2(2 r) 


2(2 V) 


B ~ 2r[ 2 2 2 2? " 
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115, b. Time period, T = 

qB 

T= -^- = 1 s 
nxl 

Thus, particle will be at point P after / = ~ s 

ky 



v = 10[cos30f + sin30j] 
'St, 11 


V = 10 


— / + — y 
2 2 J 


= 5^a/ 37+ j]ms" 1 


116* d. Let current i flows in the bigger ring, then the magnetic 
field on its axis 

U~iP 2 


MpiR 2 


2(R 2 + x 2 ) 3n 
Flux linked with the smaller ring 


tp= Brn 

4> = 


MoiR 2 


M = 


2(R 2 + x 2 ) 3n 
2 (R 2 +x 2 ) 3n 


nr 2 = Mi 


1( 

dB\ 

R 2 

E2nt = 7cR 2 \ 

\ 

A) 

; E= — 
2( 

qE + mg = Kx 

qR 2 

(dB 

) + ?!* 

“ K2t 


J k ' x 


mg + 


qR 2 dB 
2 £ dt 


118. c. 


_ 2«mi „ ,, 

T = —;— = 3.14 s 
qB 


119. a. F r = 2 V 2 iBa 
2 iBa 


120.4 | B-d£= J B-dl 

PAQ RBQ 


§B'dl = 0 and % 

J 2M? = 0 


V - PCR 


-(&X?*) 


(4;rxl0' 7 )(2) 1A _ ?AT 

= --—=/rx 10 S.I. units 

16 



U 27 

B^ = — x — (due to parallel parts of currents) 
4;r a 

These two fields are at right angles to each other. 
Hence, resultant field 

B=4b 2 7b 2 =^-S^74 

4 7ta 

122.a. B cMt =^Q 


2R 


at the center of circle = , ® 

W,K 2n{2R) 

Total magnetic field at the center is zero. 

_ Moh M§h _ Q 
2 R 2ti{2R) 

/,= M 2 *) 

mV 

123, a. Radius of circular path of the charged particle / =- 

qB 

Here R<r> hence the particle will press the outer wall of the 
pipe hence the force applied by the pipe on the particle 
should be towards the centre of the pipe. 
qvMtf 


124. b.F = qvB=- 


2 7tY 


mv qvjlQ 1 

"~/T 


R = 


2 7tr 
2 wrmv 

W 


Fig. 9.440 


2 iBa 
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1 - 1 

Mo <M2V2 f 

\ f b,a\- 

4 n 2-Jla 

1^1 = 

/A) #L?2 V 1 V 2 ' 

42T 2 jia 2 


126. a. The ratio MIL is always 

2m 


127. c. 


mv* 


r - 


B 0 g B 0 a 


— = — - sin <9 => Q- 60° 

r 2 



71 


1oA 6 3 B 0 a 

Therefore, ^-coordinate of particle at any time t > 


will be 


128. dL 


x- 




2 fya 
V3 


■ + V n 


^2_ + ^ 


t-- 

\ 

/ 




3 BqQj 


cos 60° 


f— 


/r 


B\ 


2 B 0 a 2 { 3 B 0 a 

~ 4 * h-t 


b,= 


5, 


_ _ A).. 2 ^(0 2 


4# 


r 2 +[ 4 


1/2 


[ 4 r 2 + rf 2 ] 3 ' 2 


4r 2 +<i 2 


-I.V2 


3 B Q a 


4 _4_ J_ 

= (^j 572 = (64) 1/2 " 2 

129. c. 

LoopB: foili-i) = §Bdt 
loop C: fJ 0 (i - 2i) = B 
Loop A: /4)(3t- 3t) = ^ B-dt 
Loop D: Pq( 0- i) = B-dt 

( c)B>A<C=D 

130. d. For a circular wire 

® 

® 

Fig. 9.443 



131. a 

132. b. 


r = — => r <*= m (for v same for both sense) 
qB 


h h 



Fig. 9.444 

133. c. The field due to clockwise current cancels the field due to 
anticlockwise current. 

134. d. If r is proportional to v, t is independent of r. 

135. d. To get magnetic field in resultant direction, 
current in X should be in and that in Z should be out; 

7 in W should be in and that in Y should be out. 

136. c. We can see from trajectory that both y- and 2 -coordinates 
can become zero. 
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This trajectory lies iny-z plane. So, ^-coordinate is always 
zero. 


137. h B = ——[sin90+sin(-#)] = ^2.-(l-sintf) 

Aft a Aft a 

/ . \ 

= b 
" 4 * a { Ja'+b 1 , 



( 0 , 0 ) 


k 



(a.0) 


Fig. 9.448 


Hence, as the particle rotates in circle, only magnitude of 
magnetic field remai ns constant at P but its direction changes. 

Alternative solution: 

The magnetic field at a point on the axis due to charge 
moving along a circular path is given by 



Fig. 9.446 


138. c. Net magnetic field at P will be zero, because the magnetic 
field at center P is cancelled by opposite pairs like AD-EF, 
etc. 

139, d. F = ?[v?]x £(-?)] = 0 
Because B as well as v are along *-axis. 


140. b. 



v = (2 ad)(B) 
Ba (Ba) 


4 d 





X 

X 

X 

X 

X 


i.e., the electron will move out after travelling on a 
semicircular path of radius r = 2d. 

141. a. r= la => MB-la 


- 1 , 
iftr B = -mr l a 


2 tBft 

=> a- - 

m 


2x4xl0;r 

2 


= 40# rads" 2 


142. a. The pointcharge moves in circle as shown in Fig. 9.393. The 
magnetic field vectors at a point p on the axis of circle are 
B A and B c at the instant the point charge is at A and C, 
respectively, as shown in Fig. 9.448. 


Mo qv x r 
Aft r 3 

It can be seen that he magnitude of the magnetic field at a 
point on the axis remains constant. But direction of the field 
keeps on changing. 

143. b. Point A shall record zero magnetic field when the 
a : particle is at positions/^and gas shown in Fig. 9.449. The 
time taken by ^-particle to go from P to g is 



Fig. 9.449 


t = 


L = l IE 

3 ~3* ry 


or co = ■ 


2ft 


/ j j cu 3/ 

144. a. The equivalent figure can be redrawn as shown in 
Fig. 9.450. 1 

Force on AB - ilB , Force on BCA - 2 UB in opposite direction 
to that on BA. 



Fig. 9.450 

Hence, net force = 2ilB - UB = i IB 
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145. d. The particle will move in a non-uniform helical path with 
increasing pitch as shown in Fig. 9.451. 




Fig. 9.451 

. . , Jllt _ 2 nm ^ 

Its time penod will be: T = -2ns, 

Changing the view, the particle seems to move in a circular 
path in ( X-Z) plane as shown in Fig. 9.452 



Fig. 9.452 

After n seconds, the particle will be at point t P' (after 
completing half circle), hence X-coordinate of P will be 0. 

y{n) = + (x) 2 = 

2 m 2 

Z-2r- 2 mviqB = 2 m 
Hence, the coordinates of the particle are 


/ ^2 

V 2 


/ 


146. c. The center will be at 4 C as shown in Fig. 9.453 
Coordinates of the center are 
(r cos 60°, -r sin 60°) 


where 


,. ... mv 1x1 

r= radius of circle = — =-= 1 

Bq lxl 



Fig. 9.453 


i.e. t 


i 

2 ' 2 


/ 


* 

, 147. b/The charged particle moves in a circle of radius all. 


qvB ~ 



all 


qa 


148. b. Two particles will meet at P. After they meet they will stick 
together. Momentum mv will remain same. But charge is 
doubled, so radius is halved. 



Finally, both move in dotted circle. 

149. c. After two and a half time periods, its jc-coordinate will be 
2.5P 0 (so ^-coordinate of image will be 17.5P 0 ). It will be at 
distance 27? 0 (equal to diameter) on the negative z-axis and 
y-coordinate will be zero. 

150. c. Initially: 1.2 N -l(lxB) downward 

S X' 



A! 


77 t* 

- m N 

Fig. 9.456 



In the given condition: 



Fig. 9.457 


F= I -5sin 6 = ItB- 1.2 N downward 

sin# 
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151. c. Magnetic field at i P* due to wires (1) and (2) is 

, B = Moi , Hoi L 

1 2jt(xsma) 2x(xs\na) 2 ji(xs\t\ a) 

(outside the paper) 


p 



Fig. 9.458 


2/ 

Now, if a current of- is flowing in the third wire, then 

sin a 

the magnetic field due to the same will be 



, which will cancel if it is in the paper 


which is possible if the current-in the third wire is from 

sin a 


right to left. 

152. a. At a distance x consider a small element of width dx. 
Magnetic moment of the small element is: 



Fig. 9.459 


dM = I A = (, dq)fnx 2 = ^-dxfnx 2 
£ 


M = 


qfyt 


i/2 


t* = 3*£L 


f x 2 dx =■ 

P J 12 

-tn 


153. b. Use §B-dI = ju 0 I, where / is the current enclosed by the 


loop. 

154. a. Wire abc can be replaced by a straight wire ac for the 
computation of force. 

Length of ac can be written as. 


1 = r c ~r A = [(I + j) - (?+*)]50xl0 2 


= 0.50 [j-k] 


Required.force, f = /^xij = 0.6/ 

155. a. The net force acting on the loop would be along X-axis (to 
determine whether it is along +ve or -ve X-axis, calculation 
has to be carried out) as shown in Fig. 9.460. 



156. b. Each and every pair of loop elements located 
symmetrically wxt. central line experiences zero net force, so 
total magnetic force experienced by the loop is zero. 

157. a. E = —— 4 r = 2k'r = k 

4x£ b r 2 


B^^=H 0 £ 0 

Ak r 


4ne 0 > 


- (/ +3j)x£ 


= + 3 ?] = (61 - 2j)ju 0 £ 0 

158. b. As the loop is placed in horizontal plane, so area vector is 

along vertical direction. From T = l(AxB^ as A is in 
vertical direction, r would be the plane of loop only. So, 
option (a) is wrong because for rotation of loop about its 
own axis f must be along vertical direction, (b) is correct 
because we can produce torque in the plane of the loop and 
due to this the loop can tip oven f 

159. a. Electric field in between the capacitor plates is given by 

0 




£qA 


where Q is the charge on capacitor. 

Q = Cq/ 4 x£ = 8.85 x 10~ ,2 x25x 10" 7 x400 
= 8.85 x10~ 15 C 


Magnetic force experienced by + ve plate is, 

F m = QvB = 8.85 x 10"' 5 x25 x4 

= 8.85 x 10" 13 C in direction out of the plane of 
paper. 

160, c. The par iAUB of the wire can be replaced by straight wire 
AB and BWC can be replaced by BC. 



Force experienced by AB is, Fj = IB Q R^j 
Force experienced by BC is, F 7 -Ix 2 B 0 xJlR 
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Resultant magnetic force acting on the wire is, 

F= +f 2 2 = J\oib q r 
161. a. Let a is the side of square. 



Fig. 9.462 


Torque of current = A IB sin(90 - 8) 

- MB cos 8 = / a 7 B cos 8 
Mass of each side = m = pAa 
Tbrque of gravity 


. a , ^ , _ 

= 2 mg — sin 6 + mg a sin 8 

= 2 mg a sin 6-IpAga 1 sin 8 
Now, both torques should be same 
i.e., Ia 2 B cos 8- IpAgo 1 sin 8 



Fig. 9.463 


Since the proton is entering the magnetic field at some angle 
other than 90°, its path is helix. 

Corresponding velocity of the proton along X-axis, 

V = vcos 60° = 2xl0 6 x-— = K^ms” 1 
2 

Due to velocity component the radius of the helix is 
described and is given by the relation 

mv, 1.6xl0 -27 xlO 6 

r= —- =---=0.1 m 

qB 1.6x10” 9 xO.10 


Now, 



2«rx0.1 

10 6 


= 2^x 10' 7 s 


163. d. Consider the ID view of the situation. Before any collision 
with the walls of cylinder, the particle will move in horizontal 
plane if qvB = mg. 



Fig. 9.464 

But after l sl collision, qvB and mg start acting in the same 
direction along vertical and the particle is not able to move 
in horizontal plane. 



164. a. The resultant figure can be redrawn as in Fig. 9.466, 



The field at P due to upper and lower squares will cancel out. 
Resultant field at P will be due to the square BCGF as shown 
in the figure. 

4 LUl 

Solve to get, B p - 

165. c. 


c ,—«- / 



Fig. 9.467 


Due to FABCy the magnetic field at 0 is along y-axis and due 
to CDEFy the magnetic field is along axis. 

Hence, the field will be of the form A [* + j] 

Calculating field due to FABC: 
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Due toAfl: 


167. c. 


5 _ Mo> 
“ab - 




(sin45°+sin 45°) j 


= sf2^L 

2nl 

DuetoBC: 

3 _ Mbi 

a AD = - 


'ab =- 7 —r(sin0°+sin45 e ’} 

nf) 

M 




2 \f2n( 

s Mi* » 
2-Jlnl 


Mbi 


Hence, = OL 

p _ >/2 Molf'i) 
Efabc " 

Similarly due to CDEP\ 
“CDEF ~ n( [l) 


_L + J_ + ^ 

2n/2 2s/2 2 


B not - ni 


M 


. b. 



Fig. 9.468 

Let us compute the magnetic field due to any one segment: 
Mb* 


B = 


——{p.VMim-a)) 

2 JJ-7 —r(l-cosa)« j^tan^ 
4>r{dsma)' ’ And 2 


Resultant field will be: 

il nt i = 25=^-tan- => K = ^~ 
nel 2nd 2 2nd 


upto<* 

C L » 7 y > . 

/ \y ° 


■ Parallel to V-axis 


T upto«> 

Fig. 9.469 


Bod~ 0 
Bob — 0 


fl<4B= ~Anl2 [ cos45 °R) +cos45 °*] 

= M(4+f) 

8^o' > 


168. b. 



Magnetic field strength at P due the /, 

§ _ -M°h—k 4;rxl0 ~ 7 x2 <; 

1 2/r(4/ > ) 2 ^x 1 xio -2 

= (4x10- 3 t)* 

Magnetic field strength at P due the 1 2 

. b 2 m Jkk-J = ^xl0lx3 ; = f 3x ^ T y 
2n(BP) 2;rx2xl(T 2 1 ’ 

Hence, S = (3x 1(T 5 t) j+(4x KT 5 t)£ 

169.4 

di = /4)(/| +13 +t2-ij) =^o(‘i + ‘i) 

[since for the given direction of circulation / 3 entering at 
PSTU is positive while i 3 at PQRS is negative] 

Alternative solution; 

j>B>Tt = j>B-di + j>3Ji = A)(4+*z) 

A5CDA CD AC 
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170. c. 



Fig. 9.471 

From Ampere's law, the field at the axis is zero. From* 
= 0 to /?|, the field increases linearly as the charge enclosed 
increases. 

From x = R s to R 2 and from x=R 2 to R^ the field decreases 
hyperbolically but with different slopes as the media are 
different. 

Hence, the required graph is (c). 

171. d. For cylinder: 

r<a 


InR 
_ Moj . 


2 kR 


2 ' 


r>a 


We can consider the given cylinder as a combination of two 
cylinders. One of radius ‘ R } carrying current 7 in one 

R / 

direction and other of radius — carrying current - in both 
directions. 


At poinU: B = + 0 = 

2x{R!2) 2,71 R 

A „ „ ju 0 (4inV r} n u 0 i 

At point B: B = — —— — +0 = -£-2- 

172. c. Let current in AB is 7, and in DC , 7 2 . Then 



Fig. 9.472 

7, 3 

— L = -. It is because resistance of AB will be one-third of 

h 1 

that of ADCB, 

Now, — = — = 3 

B2 l 2 


mv \jlmE J2mqV [m \f2V 

173. h r -—--= ---—= — x—— 

qB qB qB ]j q B 




174. c. 


r 2 = J2r t = sjlcm 
2 r 

£ = 2 nrn.r- 


l 

2m 


So, 


B = 


ju 0 mn 2 

r~ 


B is minimum if n - 1 


175. a. -£ 0 E 2 = —B 2 

2 ° 2p 0 


E- 


~ 

I/Vo 


=Bc = 2x 10 8 NC -1 


where c is velocity of light. 

176. c. The straight wire generates field in the inward direction 
and the curved wire generates field in the outward direction. 
The contribution of straight line is more because every part 
of it is closer to the point O as compared to every part on the 
curved wire. Furthermore, if the angle 6 becomes more than 
or equal to tt, then the magnetic induction at the point O 
becomes outward. 

177. b. Pitch p and radius r 

If p = r, then tan 0- 2it or 0- tan" 1 2k 

178.4 = = 

qB qB V m qB 


qB qB 

_4ke_ 

-JkeJi 


qB 

**=4 = 4 = = 2 ^ 


179. a 


\J2 spi 

B = ^-(±i) + ^-(±j) + ^-(±k) 
2 R K 2 R J 2 R 


cm 


5_/V. 

2R 


\B\ = ^-S 

2R 

180. a B wtl =B + B , = &- 


4 K 


qy q'y' 

Kd 2 d 2 


B = 

4k 


(8.0 x 10 -6 C)(4.5 x 10 6 ros~ ) 
(0.120 m) 2 

(3.0 x IQ" 6 C)(9.0 x 10 6 ms~ 1 ) 
(0.120 m) 2 

B- 4.38x 10“ 4 T > into the page. 


181- b. 



#2 


#3. 
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5 2 5^ 

B — \ r = 0.200 m for each wine 

2 nr 

8 , = 1.00 x tO" 5 T, B 2 = 0.80 x 10 " 5 T, 

B,= 2 . 00 x 10 “ 5 T ' 

Let C be the positive z-direction. ' 

I, = LQ v 0 A, / 2 = 8.0 A, / 3 = 20.0 A- 

B u = -LOO X10 “ 5 T, B u = -0.80 x 1(T 5 T, 

B Jz = +2.00 x 10 -5 T 

B \z + B 2z + B 2z + B 4z = 0 

B 4z - ~z + B 2z + B, z ) = -2.0 x 10^ T 

To give 84 in the ® direction, the current in wire 4 must be 
toward the bottom of the page. 

5 4 = so I A -—^— 

(0^200 m) (2.0 xl O^T) A 

" ■ (2x 1CT 7 TmA -1 ) “ A 

182. d. A point on the axis of the loop is on the perpendicular 
bisector of each of the loop sides. Fig. 9.474 shows field of a 
single wire. 

W4x 2 +a 2 yj4x 2 +2a 2 



When the fields of all the four sides are considered, the 
horizontal components add to zero; so the total field is given by 


_ , . 45a 

B R = 45 cos 6- - 

2 r 


45a 

J4x 2 +a 2 


n(4x 2 + a 2 ) 'j / \x 1 +2a 2 


For jc = 0, the expression reduces to 
„ _ 4 n^ia 2 2^2fJ 0 i 

Lf ft — ~ i — 

/ua 2 \J2a . na 

183. c. Along the dashed line, 5 l and Bi are in opposite directions. 
If the line has slope “1.00, then = r 2 and 5 t = 5 2 . 
S°» B m = 0 


184. c. 


N 


10.0 A 


i 




10.0 A 
—H*- . 




X 


Fig. 9.475 



Angle between v and 8, 

cos8=-^ = 4= =* ^ = 45° 

I v l.l 81 V2 

V(<) = -v 0 CQ$&i +v Q sin&j-v 0 k 

. 2 n qB 0 t 

6= cot = —t = = aB a t 

T m 0 

v (0 = - v 0 cos (aB 0 t) 1+ Vq sin(#B 0 /)j - v 0 k 

185. c. The current is to the left, so the force is into the plane. 


= Ncos0-Mg = O 


and ]£ F x = Ns\nd-F B =0 . 

F b = Mg tan 0 = ILB=> j 

LB 


Multiple correct 
Answers Type 


1. a., b.j c.) d. 


Options (a) and (b) are theoretical facts. As in case of moving 
charged particle in magnetic field 5 mafi 1 v, hence, power 
associated will be zero (option (c) is correct). 

If botfyjhe electric and magnetic fields exist; If 5 II E> the 
path of the charged particle will be helical. 

If 5 115 , the radius of the charged particle will not be constant. 
Hence, the path will not be circular (option (d) is correct). 
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2. a.,b. 

Letd = distance of the target 7from the point of projection. 
P will strike T if d is an integral multiple of the pitch. 


where 



Pitch = j 


vcosft 


k - constant 


Initially, 



3. a.,d. 

When the particle moves in a helical path, the plane of the 
helical path will be slightly inclined with *-axis. Hence, 
options (a) and (d) are correct. 



Fig. 9,477 


4. a.,b.,c, 


Pitch = 



vcosft 


Also, mv&in&=QBr for motion perpendicular to the 
magnetic field 


or 


mvsin ft 
QB “ 


Maximum distance of the particle from the jc-axis = 2r 

, MV 

W 


r 2nm s 

Job 


. . MV > . 

vcosft = 2 — sin 6 


or ton ft = ;r 

Hence, the options (a), (b) and (c) are not correct. 

5. a., c. 

In the absence of a magnetic field, the particle will 
experience gravitational force mg. As a result, the particle 
will not continue moving in the horizontal direction but will 
describe a parabolic path. So, a magnetic field must be 
present and its direction must be perpendicular to the 
direction of the velocity. The magnetic force experienced 

by the particle is given by F = q (i>xft). 

The magnitude of the force is FqvB sin ft If the particle is to 
move in the horizontal direction, this force must balance the 
force of gravity, i.e., 

mg = qvB sin ft 

The minimum value of£ corresponds to sin ft= 1 or ft = 90°. 
Thus, 

mg = qvB 


_ mg 0.5x10 3 x9.8 

or B -—=- -5 -t' 

qv 2.5X10"* x6xl0 4 

= 3.27 T 

Hence, the correct options are (a) and (c). 

6, a.,b. 

The pairs F, P and F\ B are always at right angles to each 
other, because F is always perpendicular to the plane 

containing B and v\ Vectors B and v have any angle 
between them. 

7. a., c. 

F F 


Since 

m e « m p 1 

, so 


a e »a p 


Now, 

H 

■M 

and d 

2 p 



/ > 

\ m 


<L a 

™e_ 



h 

v m /-. 

) 


8. b H d 

If a particle moves in a magnetic field in helical path, the 
plane of the helical path will be inclined at an acute angle 
with the magnetic field. 



Hence, options (b) and (d) are correct. 

9. a.,b. 

Use right hand rule or F = qv X B for explanation. 

+ 



If we apply magnetic field along y-direction, the circular path 
in x-z plane, the particle can move parallel to magnetic 
direction. 

If we apply the magnetic field in ^-direction, the plane of 
circular path will be x-y plane, 
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10. a«,b.,cL 

If a charged particle goes unaccelerated in a region 
containing electric and magnetic fields, 

\qE\ = \ qvxB\ => E^v XB 

\E\=\vB\ 

The acceleration of the particle will be zero if E LB* 

11 . b n L 

Velocity of proton makes an angle of 45° with the direction 
of magnetic field. Therefore, the path of the proton is a 
helix. The plane of the circle of this helix is the plane formed 
by negative x and positive z-axis, Therefore, ^-coordinate 
can never be positive. Further, x - and z-coordinates will 
become zero simultaneously after every pitch and 
y-coordinate of the proton at any time / is 

y = V * y 00 * 


y 

i 0 

"—► B 

Fig. 9.480 

12» a*) b», Ci 

If x - y, then PII B , i,e„ F tn = 0. Hence, the option (a) is 
correct. 

F = q(vxB) =q[(xt+yj)X(yi+q)) 

= (x 2 -y 2 )k 
Now, if x > y, F<x(x 2 -y 2 ) 

And F is along + ve z-axis, But if y > jc, force will be along 
negative z-axis. 

/. The options (b) and (c) are also correct. 

13. a, b. 

If electric field is parallel to magnetic field, the charged 
particle moving parallel to E experiences a force in the 
direction of E\ due to B there will not be any force. 
Hence, no deflection. 

The particle may go undeflected in the case when forces 
due to electric field and magnetic field balance each other. 

14. a.,b. 9 c. 

Ifjt=y, then v IIB, i.e., F mag =0. 

Hence, (a) is correct. 

= q(v*B)- q[(xt + yj) X (yi + *j)] 

^n«g = q(x 2 + y 2 )k 
lfx>y t then the force is along z-axis. 

15 . a.,b.,c. 

For By and B 4 , the contributions due to the different sections 
add up. For B 2 and B 3 , the contributions due to the outer 


sections oppose the contributions due to the inner sections. 
Thus, B | and B 4 are greater than B 2 and By For B 4 , there is a 
section with radius < b and hence, it contributes more than 
the semicircular section of radius b does for B h Thus, 
B 4 >By 

For By there is a section with radius > b and hence it 
contributes less than the semicircular section of radius 
b does for B v Thus, B 3 < By 
Hence, B 4 > Bj > B 2 > B 3 


16* b,, c, 

Tb find the Ampere's force on a conductor of any shape, 
replace the conductor by an imaginary straight conductor 
joining the two ends of the given conductor. So, if B is in 
^-direction, then the imaginary straight conductor will be 
along the field and the force acting on it will be zero. If B is 
in y-direction, then the force will be XB1 acting along the 
z-direction. Similarly, if Bis in the z-direction, then the force 
will be AB1, acting along the negative y-direction. 


17. b„d 


R to NIr2 

2(r 2 +x 2 ) 2 ' 2 


along *-axis 


AqAV r 3 

2 r (r 2 +/) 3/2 


B = 


ML 

2 r 


sin 3 0 


According to which, the coil with lesser radius will make 
more contribution. 

18. b^d. 

The perpendicular distance from wire to points (A and C) 
and points (B and D) are same. 

19. a.,d. 

The magnitude of the magnetic field depends only on the 
distance from the jc-axis. Points A and C are at distances of 
1 unit each from the jr-axis. Points B and D are at distances 

of 42 unit each from the x-axis. Magnetic field at point D, 
D _ A)' 

It is obvious that field B is inclinefi*^ an angle of 45° with 
the x-y plane. 

20. 8,, d, 

|fl. |= \B b \=\B c \=\B d \ = ^L 

2 fra 

21. b., c. 

If a current passes through any conductor, net charge 
through any section is zero. Hence, electric field in the 
vicinity of the conductor is zero. We can observe using Biot 
and Savart law that the magnetic field at the axis of the 
cylindrical wire will be zero, Electric field at the axis of the 
wire cannot be zero otherwise the current through the wire 
cannot flow, 
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E*0l B=0 


E = 0 


22* b> 

Ncos 9- mg 


Fig. 9.481 


N cos 9 


(0 



■F=B1L 


[ ® indicates current / is flowing into the paper] 
Wsin 6=B1L 


© 


tan 6- 


BIL 

mg 


23. b^d 

For rotation equilibrium, taking torque about the point from 
where normal force passes. I 


!aB 0 ^ + laB 0 ^ - mgx = 0 
z z 


x = 


la% 

mg 


For the block not to topple: 


a _ mg 
x < — => 1 < ■—— 


2aB n 


24. a.,b.,c.,d. 

Option (b) is obvious 

qB 


PQ - 2rsin a- 2-^-si na 


qB 


a- fi 

Time taken = T = 


T= 


2nr 

v 

2 7Cm 


T 2m 

For t time, t - — (2n- 2a) = — in-a) 

2k } qB K } 

25. a.,b.,c. 

If a charge particle experiences no electromagnetic force, 
then electric field must be zero (as F = qE). The magnetic 
field may or may not be zero as a charge particle at rest or 
moving in the direction of magnetic field experiences no 
force. 

a. When both £and B are 0, it js undeflected. 

b. If E is non-zero, it will move in the direction of E and 
1 remains undeflected. 

c. E\$ non-zero, force will be in direction of E. B is non-zero 
and Vis parallel to B> 

F =qvxB will become zero due to B and proton will 
move in a direction of E only. 

26. a.,b.,c.,d. 


a- — = —= —(tf-yfre) 


m m m 


a 


© 


a = 0 at x = — 

fi 


a 


i.e., force on the particle is zero at x = — 


a 


So, mean position of the particle is at x = — 

P 

Equation (1) can be written as = — (a- fix) 

dx m 


\vdv = — j a-—x\dx 
o 2 ' 


2 a 

v = 0 at x = 0 and x = — 


2 a 


So, the particle oscillates between jc = 0 and jc = — 


a 


mean position at jc - —. 

P 

Maximum acceleration of the particle is at extreme positions 
(at jc= Oorx- 2d ft) and £ max = qdm [from equation (i)]. 


27. a.,c. 


Using B = 


2 R 


\B l \ = \B 2 \=4xXW* > T 

If current in same sense B nel = 8;rx 10 -4 T 

If current in opposite sense B n&l = 0 
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As magnetic field due to a long wire 


28. a.,c.,d. 

JUn / 

B = . The magnetic 

2 r 

field lines are concentric with wire. The direction may be 
either clockwiseor anticlockwise. Hence options (a), (c) and 
(d) are correct 

29. 

Proton is deflected towards positive x-axis even if only 
electric field is-switched on. 

Therefore, E is along positivex-axis or option (b)js correct. 
Proton is deflected along positive x-axis when only magnetic 
field is switched on, i.e., magnetic force F m is along positive 
x-axis* This is possible in the following two cases: 
a. v is along positive y-axis and E along positive z-axis. 
tk v is along negative y-axis and B along negative z-ax is 

because F m = q{v xil). 

Therefore options (a) and (c) are also correct 

30. £L,b.,d. 

In going from P to Q , increase in kinetic energy 

^m(2v) 2 ^ work done by electric field. 

3mv 2 = Eqx2a 


2 

or 


or 


eA 

2 


The rate of work done by E at P = force due to E x velocity. 


= {qE)'>=q v 


mv 2 

* 


3 \ 

mv 


At q % is perpendicular to and, and no work is done by either 
field. 

31. a.,c»,d. 

Iv\ = yjtf + 6 2 =10 m/s 


Radius of circular path r = — = — = 5 m 

As the magnetic field is in z-direction, hence the path of the 
charged particle will be circular of radius 5 m in x-y plane; 
hence options (a) and (b) may be possible. 

Time period of circular path T =s - ^- sec 

v 10 

32. a.>b.,c. 

Whenever a particle moves along a spiral path, its velocity 
always remains in the plane of spiral or the component of the 
velocity normal to the plane of spiral is always equal to zero. 
Force exerted by magnetic field is always normal to the 
direction of motion of the particle. 

Q 



Force exerted by the magnetic field is in the plane of spiral. 
Direction of magnetic field is always normal to both the 
velocity vector and the direction of force. It means, magnetic 
field is normal to the plane of spiral. Hence, (a) is correct. 
Since the particle experiences a resistance against its 
motion, therefore its speed decreases continuously. Radius 
of the circular path followed by a charged particle moving in 

a magnetic field is given by R = —, Since v is continuously 

qB 

decreasing, therefore radius R also decreases continuously. 
So, a charged particle should follow a spiral path of 
decreasing radius. Hence, the particle enters the magnetic 
field at Q or ( b) is correct. 

Force experienced by the particle is towards the center and 
direction of the force is found out by Fleming's left hand 
rule. Since magnetic field is outward, therefore according to 
Fleming's left hand rule, the direction of current associated 
with its motion should be as shown in Fig. 9.428. Since the 
panicle is moving in the same direction, therefore the particle 
is positively charged. 

Hence, (c) is correct. Obviously, (d) is wrong. 

33. a.,b.,d. 

Period of revolution of a charged panicle moving in a 

uniform magnetic field is given by T This period 

qB 

T does not depend upon speed of the particle. In this 
particular question, the moving particle is an electron. 
Hence, its mass and charge (q) both are constant. Magnetic 
field is also uniform. Hence, its period of revolution remains. 
constant. It means, the electron moves with constant 
angular velocity. Hence, (a) is correct. 

In previous question, we have already discussed that if n 
charged particle experiences a resisting force against its 
motion, then it follows a decreasing radius spiral path. In 
this question, the electron is moving along a spiral path of 
decreasing radius. It means, its speed is decreasing 
continuously. Hence, (b) is correct. 

Since speed of the electron is countinuously decreasing, 
therefore it is experiencing a tangential retardation* It is 
possible only when the component of resultant force 
opposite to the direction of motion of electron has non-zero 
value. It means, net force on the electron cannot be perpen¬ 
dicular to its direction of motion. Hence, (c) is wrong. 

Since speed of the electron is decreasing continuously, 
therefore the force exerted by the magnetic field (F = qvB) is 
also decreasing continuously. Hence, magnitude of net 
force acting on the electron is decreasing continuously. 
Hence, (d) is correct. 

34, a^c. 

a. Velocity of the particle can be constant if the electric 
force balances the magnetic force, i.e., qE = qv xB 
h If E = 0, the particle can trace circular path if v X B. 

. c. Jf E - 0, kinetic en^yternains constant, because 
magneti^force docs not do any Work. 
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35. 8i) Ci) d< 


For* <>r ,B = 


Majx 

2k r 1 


Hence, B«x 

At axis .* = 0 =. S = 0 

Forx£ r, B=^i 

2nx 

Hence, - 
x 

Also B is maximum at surface (at = r) 

36. b.,c. V IB 

Therefore, path of the particle is a circle. In magnetic field, 
speed of the particle remains constant. Therefore, distance 

moved by the particle in time t - is v 0 1 or . 

BqO£ BqCC 

Magnitude of velocity is always v 0 . 

37. b.,c.,d. z = M xB and U = -M-B 

Here, M and B are anti-parallel. 

z = 0 and U - +MB (maximum) 

,\ (b), (c) and (d). 

38. [h, c. 

a I .u An n nmV 

Arc length :Ai = -r = — 



_ , 6 n! 3 T Km 

Time: t = — =-= — =- 

CO 2k IT 6 2qB 


_. JCmv 

Distance =vt= - 

3 qB 

39. ai, b>, c. 

The particle will move along an arc which is part of a circle of 
mv 

radius: r- — 

Bq 



From Fig. 9.430, we can see that r=R 


R = ^ 

Bq 

_ nrTl Kr _ KR 
v 2v 2v 


„ mv 
r = R =— 


Bq) 


40. a.,b, 


T = 


turn 

2Bq 



When a charge is passed through a wire, a current flows in 
the wire (for a very small time). As a result of this, the wire 
experiences a magnetic force for a very small duration, i.e, 
during the time for which charge has been passed through 
the wire, due to which it acquires some velocity; then 
onwards, it moves under gravity. For the wire to move up the 
incline, the positive charge has to pass through the wire, 
due to which it acquires some velocity; then onwards, it 
moves under gravity. For the wire to move up the incline, the 
positive charge has to pass through the wire in a direction 
coinciding with into the plane of paper. 


F m -lBl = ^-xBl = ma 
e dt 

[For this small duration dt , we can neglect gravity force 
because I would be very large due to small passage time of 
charge.] 

=. = 

dt dt 

=3 mdv-dqXBP 
=3 ms>- qxBi 

qxBi 




m 


where q is the charge passed through the wire and v is the 
velocity acquired by the wire just after charge had been 
passed through it. 

From kinematics, v 2 - 2 g sin 6s 

Msjlgssmd 


4 = 


B£ 


41. b»d. 

Distance of A and C is same from wire. Hence, magnetic field 
at A and C is same in magnitude. # 

Similarly, for points B and D. 


m U D *-■ 


/ 

/' 

m / 

4(0,1.0) 



/' 

f D 

1 

^Wirc 





/ / * 
^C(1,0,1) 


Fig. 9.487 
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42. b„(L 

In first and third quadrants, direction of magnetic field is 
opposite due to the two wires. So, magnetic field can be zero 
only in first and third quadrants not in second and fourth. 
Hence, (b) and (d) are correct. 

43. c.,d. 

The two particles have equal charges and move through the 
same p.d . They will, therefore, acquire the same energy (£). 

Also, E = p 2 t 2m or p = ^TmE , where p = momentum. For 
the same E y the particle with greater m has greater p. 

44. 

For a charged particle moving in magnetic field a. 1 v 
Hence v ■ d =$>* = - 1.5 / 

The magnetic field should be perpendicular to the a , hence 
should be perpendicular to jc-y plane. 

The kinetic energy of a moving particle in the magnetic field 
remains unchanged as magnetic field does no work on the 
charged particle. 


Assertion-Reasoning 

Type 


1. c- Cyclotron is suitable for accelerating heavy charged 
particles such as protons, of-particles and positive ions. In a 
cyclotron, the positive ions cross again and again the same 
alternating (ratio frequency) electric field and thereby gain 
energy. It is achieved by making them to move along spiral 
circular paths under the action of a strong magnetic field. 
Cyclotron is also known as magnetic resonance accelerator. 
Cyclotron frequency 1$ given by 

= 1 = Bg 
T 2 nm 

It is obvious that cyclotron frequency does not depend 
upon velocity of the charged particle. 

2. a. Cyclotron is not suitable for accelerating electrons. The 
reason Is that due to small mass, the speed of electrons 
increases rapidly. Likewise, due to the quick relativistic 
variation in their mass, the electrons get out of step with the 
oscillating electric field. 

3. c. If the path of the charged particle is circular, then radius of 
the circular path is directly proportional to the speed and 
mass of the particle as 


r 


mv 


mv 


Centripetal force =-= q 0 vB 


4. b. The magnetic field at a point due to current flowing 
through an infinitely long conductor is given by 

b=* 2 -L 

4 n a 


where a is the distance of that point from the conductor. 
Now, according to right hand thumb rule it follows that 


magnetic field is in the form of concentric circles, whose 
centers lie on the straight conductor. 

5, c. Magnetic Induction at 0 due to /j, 

B =¥»!£ 


An r 


(directed normally into plane) 


Similarly, B 2 =^-x / 2 

An r 


(directed normally upward to the paper) 


Since U = 


hi 

In-9 


,5 2 = B| (but opposite in direction) 


6. a. 


mv 

--— qvB 

r 


v qvB 

— =-is called a centripetal acceleration. 

r m 


7. d. e-Bvt sin 0 
If 0= 0,£=0. 

8. c. 



Fig. 9,488 ' * 

27 sin d6^ BiR (2d9) 

7 = IBR. 

9. a V- -JL'B--/xB cos# 

Since//, B as well as <9remain constant, U docs not change. 

10. d. ! B I is proportional to number of magnetic field lines per 
unit area (area should be normal to field). 

11. a. The period of a charged particle in a magnetic field is 
given by 

^ 2 nm 

7=- 

qB 

12. d. Magnetic field exists both inside and outside. 

13. d. The windings of helix carry currents in same direction. 
Hence, they experience an attractive force pulling the lower 
end out of mercury. As a result of this, the circuit breaks and 
so the force of attraction vanishes. The helix comes back to 
its initial position, completing the circuit again. 

14. a. F = qV x B => F 1_V 

So, power produced by magnetic force is zero. 

Kinetic energy of particle will remain conserved. 
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\ 


15. a. 



Fig. 9.489 


$- B£V 




IIB = 


B 2 £ 2 V 

R 


16. a.Initially,moment M-Iitr 2 
And afterwards M' = lfi(2r) 2 

= 47 (;zr 2 )=4M 

So, magnetic moment becomes four times when radius is 
doubled. 


17. b. As we know, every atom of a magnet acts as a dipole. So, 
poles cannot be separated. When magnet is broken into two 
equal pieces Magnetic moment of each part will be half of the 
original magnet. 

18. c. Velocity is a vector quantity. Even if direction changes, 
velocity is said to be changing, no matter if the speed 
remains same or different. 

19..d. Due to both positive and negative charges, the wire is 
electrically neutral and hence no electric Field is present and 
only magnetic field is created. 

20. d. Force on the loop is not zero; because magnetic Field is 
not constant. 

21. b.Use # = dlxB = 0. 

T- MB sin 0= 0 


22. b. For a solenoid, 7? crid = 


- B in . Also, for a long solenoid 


magnetic Field is uniform within it but this reason does not 
explain Statement I, 

23. a. Work done by magnetic force on a moving charge is zero. 


24. b. Magnetic force is always perpendicular to magnetic Field 
and small element. 


25. c. For any point outside the wire, enclosed current will be 
same. 

26. b. F = 0 in both case. 

27. a. The magnetic lines of force due to current carrying 
straight solenoid are same as that of a bar magnet. 

28. b. Here, both the statements are correct but II does not 
explain. In general, Bio-Savart law and Ampere’s forces do 
not obey Newtons’s third law. 


Comprehension 

Type 


For Problems 1-2 
l.b. 2.c. 


Sol. 



— = 2A 
12 


kx { 


te { 



kx 


be 



Fig. 9.490 


Magnetic force = I£B sin — 


B 


= 2x5x10 xB- — 
10 


2Ltj = mg; 2k = 

2 kx -mg + l£B 
2k(x i +x 2 )~mg+ l£B 
2k>\ = mg +l£B 

ntx 

— *2 =l£B 


mg 


H 


lOxlO -3 xlOx— = — 
0.5 10 

B = 600 xlO" 3 = 0.6 T 


For Problems 3-5 
3. b., 4. a., 5. c. 

Sol. The first particle will have a helical path and the second 
particle will move rectilinearly along the field. For the two 
particles to meet again and again, v,|T = v-T 
where v' is the speed of the second particle. 




-qV => v = 




qB 


/ 
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Distance travelled = pitch 


Distance 


. (HZ 

V m 


cos&x 


2 ftm 

qB 


Distance = 



2 Vm 2x 

B 


cos# 


For Problems 6-7 
6. c., 7. a. 

Sol. F- q(yxB ) 

For the first case: F -qvxB 

=> - 5 V 2 X 10 - 3 * 

= 10- 5 X ^ (r+ fix (bJ +s y ;+v) 

=* B z = 0,B y -B x = - 10 -3 T (i) 

Similarly, for the second case: 

F 2 j = (10- 5 )(10 6 * ) x [(b k ? + B y j+B z ty 

F 2 J = 10 (bj-bJ) 

F 2 =\0B x ,B y = 0 (ii) 

Using (i) and (ii), we get B x = 10" 3 T 

Thus, B = (1<T 3 T) t 
Also, F 2 = 10B x = 10‘ 2 N. 

For Problems 8-10 
8, a*, 9.b., 10. b. 

Sol. PC and CQ are in Parallel So, equivalent resistance of the 
circuit is RJ2. In static condition, current through the battery is 
7 = 2V«. 



T\ mg T 2 

Fig. 9.492 


The current through CP and CQ is i = 7/2 = V/R 
Hence, 

F\ = F 2 = Bir 

Consider the FBD of ring and the blocks 
FBDofring: 

Consider torque about *C\ 

T 1 r + 7 7 ,r/2 + F 2 /72 = 7 1 2 r (i) 

FBD of blocks \T { -mg and T % = 2 mg 
So, mgr + Sir 1 / 2 + Bir 2 / 2- 2mgr 


or 


i= mi or v = *g 

Br R Br 


1 


or 


V=^ 


Br 

Net torque of tension 


BVr 2 

= (T 2 -T l )r = mgr= —— 

For Problems 11 -12 
ll.a., 12. b. 

Sol. Magnetic field produced by the conductor along z-axis will 
be parallel to MN . Hence, force on MN is zero- 
Current from B to A (through NM or QP ): 


V 2V 
RI2~ R 


Force due to 7 0 on N'N and Q'Q will be out of the paper and 
on M*M and P'P will be in the paper. This will produce the 
torque on loop along -ve x-axis. ; 

Torque on M'M (along -ve x-axis): 


4Rx 


(b-a) 


Total torque =4 1- 2 ^°^° — 
nR 


(b - a) (along negative x-axis.) 


For Problems 13 -14 


13. a., b.> 14. b. 

Sol. As the magnetic field is along the x-axis, the magnetic force . 
will be along (-) z-axis at t - 0. So, the particle will move in 
helical path along (1), At / = 7^, the direction of field 
changes, so force becomes along + z-direction, and now the 
particle will move in helical path along (2). It will be moving 
along x-axis, so that resulting path will be helical. 


At t = particle will be at E x . 


y 

Vo sin 


Vo cos 

Fig. 9.493 

p 

x-coordinate = (half of pitch) 

^-coordinate = 0 (from Fig. 9.438) 
and z-coordinate = -2 R 0 (from Fig. 9.438) 
Hence, (a) is correct. 

3 t 

Similarly at t = particle will be at£ 2 - 
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(ip N 

/- The coordinates are —0, 2Rq 

\ 2 J 

Hence, (b) is correct. 

From Fig. 9.437, we can see that distance between two 
extremes; £, and E 1 is 4F 0 . 

For Problems 15 -16 

15. b., 16. d. 

Sol. sin 30°= UR 

. mV 0 50xl0 -3 xlOO 1 

L- —- =-:-=—m = 10cm 

2qB 2x1x25 10 



L = AB + BC + cos 60° 4* r cos 60° - r 

' r mv _ 

L = — = 20 cm 
SB 

For Problems 17 -19 
17. d., 18. d., 19. b. 

Sol. As particle is performing a circular motion of decreasing 
radius (i.e., spiral path) in a magnetic field, so the speed 

mv 


of particle is continuously decreasing |^from r-—^J. ^ 

the speed of particle is decreasing, it means some retarding 
tangential force is acting on the particle in addition to the 
centripetal force provided by the magnetic field. 

So, the net force, F net - q (y y.B) + — ^ 

dt 

As, v is continuously decreasing, we can say I F nct I is also 

. mdv . 

decreasing, assuming- is not increasing. 

dt 

Angular velocity of the particle remains constant as it is 

. . qB 

gLven by co = —. 

m 

As 7 (moment of inertia) is decreasing, lo> = (angular 
momentum) also decreases. 

As with time, KE decreases and hence mechanical energy 
decreases, 


For Problems 20-22 
20. c*> 21. a., 22. a. 


/ * 

Sol. Inside the cylinder: Blnr = —-nr 


kR l 



or 




,.a 

2 tcR 1 


(0 


Outside the cylinder: B 2nr = /z 0 7 


2nr 


GO 


Inside the cylinder, B oc r and outside £<*=-. 

r 

So, with surface, nature of magnetic field changes. Hence, it 
is clear from the graph that wire V has greatest radius. 
Magnitude of magnetic field is maximum at the surface of 
wireV. 


Inside the wire 


I 


dB = MoJ_ 

dr 2n R 2 


i.e., Slope « —r current density 
nR 

It can be seen that slope of curve for wire a is greater than 
wire c. 


For Problems 23 - 25 
23. b., 24. d., 25. a. 

Sol. Magnetic field at any point on Ampere’s loop can be due to 
all currents passing through inside or outside the loop. But 
net contribution in the left hand side will come from inside 
current only. 

For r < a, current passing through within the cylinder 
of radius r is given by 

r r r 

J JdA - | kr 2 lnrdr =2nkj r 3 dr 1 

oo o 

= knr 4 !2 

Now using Ampere’s law: 

n kr* 

Bx2nr= jj q I = fok7ir*/2 => S = ^— 

For r>a,I = k Tret'll (by putting r = a) 

„ _ Ao W 

B —37" 


For Problems 26 - 27 
26.b., 27. d. 

Sol. At By magnetic field will be zero due to CB and AB parts. 
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B oc = ~L [sin 0° + sin45°1 ~ ^ g - k 

4n a v ' Attala 

Net magnetic field at 2 

Mo l 


= B 




At O , magnetic field due to AO and OC will be zero. 

Due to BC: r = a cos 45° = - 7 = 

v/2 

= 7 2 --[sin 45 tt + sin45°]f-ft') = ^^-k 
Anr JV > Ina 

Similarly, due to BA: 2 a4 = _FoJ_ j 

2?ua 

Net magnetic field 

tor Problems 28 -29 
18. c., 29. d. 

Sol. If 7 1 and / 2 be the currents in circular and straight parts, 
respectively, and B lt the magnetic fields due to them, then 

B = M .. 2 _ M 
1 27? 3 37? 

S 2 = . r ^ AO i [2sin60°] = ^^ 
4;r[/?cos60 ] L J 


2tcR 


For the total field at l O y to be zero, 



Now, i = ^=^ = 4pLl 2 
h p 

^1 


Required ratio = II — 




t\ =2R sin 60°= >/5 /?* 


^2=^l“-l = ”^ => t- = 


/, 3^3 


U 4 n 


Required ratio = 


[3V3l 

X 

(U£\ 

K> 

^_ 




l42n: 


For Problems 30-31 
30. a., 31. c. 

Sol. The particle enters into the magnetic field perpendicular to 
it. It will start moving into a circular path. Let the initial 
radius of the path is R. 

Free body diagram 



ma, 


. N 


|iN ^ 

'mg 


qE 


Fig 9.498 


Hence, N = mg + qE 

mv 2 

qBv- - 

R 

dv 

-m— = LlN 
dt * 

From(ii), R= — 
qB 

From (i) and (ii), 
dv 

-m — = ju(mg + qE) 
at 

o dv t 

~™ = +qE)\dt 


which gives t- 


o 

wvp 


ju(mg+qE) 


Fromfl W 

qB qB 

i & 

_ R _ MOng+SEl, . t- t qE "> j 

qB l qB 

dv 

From (v), - mv — = p(mg + qE) 
d£ 

o } 

-m^vdv- p(mg + qE)^d£ 


^=p{mg+qE)t 

mvl 


2 p(mg+qE) 

For Problems 32-33 
32. c., 33. a. 

Sol, F= q{yxB) 

For the first case: 

— (5 >/2 x 1CT 3 N)£ = (10 -5 C) 


(i) 

(ii) 

(iii) 

;(iv) 

(v) 
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if + j) x (bj 


= (^)[ fi ^-V + ( s y-^W 

=> J9 l = 0,S,-B J[ = -l(J , T 
For the second case: 

F y j =(10- 5 C)(10 6 msr')(£)x [(fi,/+ J B,; + S f t)] 


=* F y J=W{BJ-B;) 

=$ F y = 10B x >B y = Q 
=> Using (i), we get B x = 10" 3 T 

Thus, B = (Ur 3 T)-i 
Also, /y= 10^- 10“ 2 N 

For Problems 34-36 
34. a., 35. b., 36. c. 

Sol. E= Ej 

v 0 = 2vcos60 6 f+ 2vsin60°j 

= Vl+Vyf3j 
Y 


(i) 


Fig. 9.499 



R (t ) = vti + j) 

-J3mv 2 n/s mv 

vt = —- => t =- 

qE qE 


For t& 


'fimv 

~^T i 


x(t) = vt and v v (0 = v >/3 -—/ 

m 



vV3 = 


_ \/3mv N | 

r^n 

Sl x Srnv =Q 

m qE 


For t >-, magnetic field is also present 

qE 

The particle will start moving on helical path. The cross 
section of the helix will be in x-z plane. 



For t > 


■s, 


mv 


qE 
x(t) = 


a/3 mv 1 
qE 


+ 2? sin 




. 3 v l m 1 qE a 

y(t) = - —r t 

2qE 2 m 

Z(t) = -2?| 1 — cos| —t 


For Problems 37-40 

37. b., 38. b., 39. a., 40. b., 

Sol. When the particle enters electric field, it has moved 
horizontally a distance. 

„ 1 
GP= r cos 45° = —- x—= 
qB -Jl 



Fig. 9.502 


Length of electric field Is = / - r sin 45° 
.*. Vertical distance left 

= d ~^i l ~7i) 
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v J = l - n ^— = v cos45° X t 

SqB 

”0 l vfrzfj 

qBy -Jl J y 2 m 

e-i-mSLUi-i}* Ifs£'l|^-i.l’ 

qB ^ ’ 2^ m v 0 qB) 

£-d=20/5 = 4 m. 

For Problems 41-43 
41. c., 42. a., 43. d. 

Sol. a If the magnetic Field at point P is zero, then from the 
figure, the current must be out of the page, in order to 
cancel the field from /,. Also: 

Moh _ Pah 


B]~ B 2 ^ 


2 7tr { 2nr 2 


/ = /, — = (6.00 A)- (Q ' 50Q — = 2.00 A. 

2 1 r { K ’ (1.50 m) 

b. The Field at Q points to the right and has magnitude 


B, 


- Bo\ il ^ 


2 n 


6.00 A 2.00 A 


0.500 m 1.50 m 


2n\r { r 2 
= 2.13xl0 _6 T 

c. The magnitude of the field at 5 is given by the sum of the 
squares of the two fields because they are at right angles. 
So, 


B, 




~2 _ Mo 1 1 


V + B/ =^-.11-1 + M- 


2tt 


_ ifo.' 

2n\ 

For Problems 44-46 
44. d., 45. a., 46. a. 

Sol. a. 


6.00 A 
0.60 m 


\ 2 


2.00 A | _ 2 2x 10 ~* T 
0.80 m 



3 net 


Fig. 9.503 

h At a position on the *-axis: 


n-J'x 2 +a 2 'Jx 2 +a 2 


_ pt 0 !a 
^nct” 


ft(x 2 +a 2 } 

c. In the positive ^-direction, as shown at left. 



d. The magnetic field is a maximum at origin, x = & 


e. When x » a, B - 

For Problems 47 - 49 

47. c., 48. b., 49. d. 
Sol. a. 


ji^Ia 


7 DC 



’ 5 net 


Fig. 9.505 

lx At a position on the *-axis: 

Mol 


^nc: 


nsfx^+a 2 six 2 +a 2 
MqBc 


ft(x 2 +a 2 ) 

c. In the negative y-direction, as shown at left, 



*00 

Fig. 9.506 
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d. The magnetic field is a maximum when: 

— = Q £ 2 c* 2 

dx~ ~* 2 + a 2 
(* 2 + a 2 ) = 2* 2 => JC = ±C7 

e. When jc » a, £ = t 

> ax 

which is just like a wire carrying current 27. 

For Problems 50-52 

50. b M 51. c., 52. b. 

„ , mv mv 

Sol. r- — => r= — 

qB qB 


T = 


2ftm 

~qB 


-» independent of velocity. At flfi, hence 


a±B 

a ■ B = Q 

(xi+2j) (2i+4j) = G 
2*+8 = 0 

x =-4 ms' 2 

For Problems 53 -54 
53. a., 54. d. 

Sol. Proceeding similar to example, we can see that the 
particle’s acceleration is in y-direction, 

dv? _ qE 
di m ' 

The motion of the particle is equivalent to circular motion 
in xz plane with uniform acceleration in y-direction. 

Hence, Vq = v 2 + v\ = constant 

The magnetic force cannot change the magnitude of v 0 . 
They-component of velocity, 

qE 

v y =—/ 

; m 

1 / 7 E 

The y-coordinate at time y = ——t 1 

2 m. 

The time period of circular motion in xz plane. 


■ - constant 


T= 


2 mn 

~Bq 


Let the particle cross y-axis after n rotations, then 
2fttnn 


t-nT = - 


qB 


_ qE (2ftmn\ 

Thus ’ 


2 In 1 mn 2 E 


(V N [ 

/ 27Vmn^ 

2 ftnE 

UJ 

k qB j 

B 


v 0 VaT? 
Thus, tan a = — = —-— 
v., 2tt n E 


a = tan 


-i| v 0 B 


2ftnEj 

For Problems 55-56 
55. a., 56. a. 

Sol. a F f ~mg 

When bar is just ready to levitate, 

fB (0.500 mX0.450T) 

e = IR = (32.67 A)(25.0 ft) = 8!7 V 
h R = 2.0 ft, 1 = e/R = (816.7 V)/(2.0 ft) = 408 A 
F, = 7fB = 92N 
a = (F, — mg) I a =113 ms -2 
For Problems 57-58 
57. a., 58. b. 

Sol. a. The magnetic force on the bar must be upward, so the 
current through it must be to the right. Therefore, a must 
be the positive terminal. 

h For balance, I£B sin 5 = mg 


K.B sin <9 


m= 


g 


= m 8 


7= e/R = 175 V/5.00 ft = 35.0 A 
(35.0 A)(0.600 m)( t -50 T) 

m= - : -:-=3.21 kg 

9.80 m/s 2 


For Problems 59-60 
59. a., 60. d. 

Sol. sl F = I LB, to the right. 

2 v 2 v 2 m 

h v 2 =2 ad=>d = - = - 


2 a 11LB 

For Problems 61-62 
61. d., 62. a. 

Sol. a. By examining a small piece of the wire (Fig. 9.452), we find 
F b = ILB = IT sin (0/2) 

2T6 2TL/R 


ILB~ 


bt For a particle: 


X = tf 

IB 


qB 1 


„ mv „ mv mvIB 

qvB = —— =* B = — -v ■ 

R Rq Tq ml 
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For Problems 63-64 
63* a*, 64* a. 

Sol. a. By examining a small piece of the wire (Fig. 9.508). we find: 



Divide the rod into infinitesimal sections of length dr 

The magnetic force on this section is dF { = IB dr 

and is perpendicular to the rod. The torque dt due to force 

on this section is dr = rd Fj = IBr dr 

The total torque is 

J ch = IB J 'r dr =\ I! 2 B = 0.0442 NirT 1 , 

clockwise. This is the same torque calculated from a force 
diagram in which the total magnetic force F t = ILB acts at 
the center of the rod. 

b. F { produces a clockwise torque, so the spring force must 
produce a counterclockwise torque. The spring force must 
be to the left, the spring is stretched. 

Find x, the amount the spring is stretched: 
axis at hinge, counterclockwise torques positive 

(kxy sin53°-±/£ 2 fl = 0 

_ HB (6.50 A)(0.200 in)(0.340 T) 

" 2k sin 53.0* ~ 2(4.80 Nm' 1 ) sin 53.0° 

^ 0.05765 m 

lit.: \!or = 7.98 x 10 ~ 3 J 

For Problems 65-66 
65* b., 66 . a. 

Sol. a. Note that the Earth's magnetic field exerts no force on wire 
B , since the current in wine B is parallel to the Earth’s magnetic 
field. Thus, for equilibrium, the remaining two forces that act 
on wire B must cancel. Assum ing that the length of wire B is 
L and that wire A carries a current, we obtain 

Aq/^0 A)L f ^(L0A)(3.0A)£ 

2/r(0.050 m) 2 tt( 0.100 m) 


So, I = (3.0 A) 


0.050 m 


= 1.5 A 


0.100 m 

fcx Note that the force on wire B that is generated by wire C 
is to the right. Thus, if the current in wire C is increased, 
wire B will slide to the right. 

For Problems 67-69 


67. a., 68 * b., 69. b* 

Sol. a. The net force on a current carrying loop of any arbitrary 
shape in a uniform magnetic field is zero. 

^,= 0 

h The given loop can be considered to be a superposition 
of three loops as shown in Fig. 9.509. The area vector of 
the three loops (J), (2) and (3) are 



A,= [jXlOxlOxlO^j* m 2 

A,= (lOxlOxlO -4 )/™ 2 
Magnetic moment vector, 

M= iA = 10 (0.01/ +0.005 7 +0.005*) Am 2 
= (0.1 r+0.057+0.05*) Am 2 

c. Torque, 

f = (0.1 1 + 0.05J + 0.05*) X (2i -3 j + k) 


f A . f 

1 J k 

0.1 0.05 0.05 

2 -3 1 


-0.lf-0,4*Nm 


Matching Column 
Type 


1. u —> b., d., ii. —> a., d., iii. c., iv. —» c. 

i* If loop is moved away, then flux through loop decreases 
in -ve z-direction. To increase this decreasing flux, current 
induced should be in clockwise direction. 

Now, induced current in AB will be parallel to /, so that 
there will be net attraction between wire and loop. 

Hence L —»b>, d. 
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ii. Explain in the similar way as in (i). 

In cases (iii) and (iv), just after the rotation is started, 
velocity of each element of the loop will be parallel or 
'antiparallel to the magnetic field produced by L Hence, 
no e.m.f. is induced. 

So iii. c., iv. -> c. 

2. i* —^ d* ? ii. —^ d., m. -> b., iv* —> c. 

We know that r - mvIqB. So, larger the mass, larger is the 
radius. Since radius of path ‘ V is largest, so path T should 
correspond to ion B. 

Hence, ii* -4 a. 

Now path ‘2* should correspond to ion C, because charge on 
both B and C is -ve, so their paths should be on the same side. 
Hence, iii. -» b. 

Now, radii of paths ‘2’ and *4* are same. If path ‘2’ 
corresponds to C, then path '4* should correspond to ion A, 
because masses of A and C are same. 

Hence, i. —»d. 

Now, remaining path 'V should correspond to D. 

Hence, iv.-c. 

3. i* -»a., b., c., ii. -»a., b M c. ? d., iii. c., iv. a., b., c. 5 d. 

The magnetic field is along negative y-direction in cases a, 
(b) and (c). In case (d) there will be component of magnetic 
field along -ve x-axis. 

Hence, i. — »a., b., c. 

z-component of magnetic field is zero in all cases. 

Hence, ii. a., b., c.,d. 

U(\ i 

The magnetic field at P is — — in case (c) only. 

An d 

Hence iii. -»c. 

The magnetic field at P is less than —— for all cases. 

In d 

Hence, iv, —> a.,b.,c.,d. 

4. i. c,,d. 5 ii. -> c.,d., iii. b.,c., iv. a.,c. 

i. Because the magnetic field is parallel to x-axis, the force 
on wire parallel to x-axis is zero. The force on each wire 



is B 0 ii. Since force on each wire parallel to y-axi$ passes 
through center of the loop net torque about center of the 
loop is zero. 

Similar is the situation in case (ii) 

Hence, i. *-> c.,d M ii. —»c.,d. 

iii. Since direction of current from entry point in the loop to 
exit point in the loop is along the diagonal of the loop, 
the direction of external uniform magnetic field is also 
along the same diagonal. Hence, net force on the loop is 
zero. Since force on each wire on the loop passes through 
center of the loop, net torque about center of the loop is zero. 

iv. The direction of current from entry point in the loop to 
exit point in the loop is along the diagonal (of length 
21) of the loop. The direction of external uniform 
magnetic field is also perpendicular to the same diagonal. 

Hence, magnitude of net force on the loop is B 0 i (^2^ 


Since force on each wire on the loop passes through 
center of the loop, net torque about center of the loop is 
zero. 

5. i. —» a.,c., ii. — » a.,b., iii -4 d., iv. -4 a. 

i. Since E - 0 and B & 0, so path will be straight fine if 
velocity is parallel to B .Or path will be circular if VLB. 
Or path will be helical (with uniform pitch) if V is at some 
other angle to B. 

Hence, i. ->a.,c. 

ii. Since E & 0 and B * 0, so path will be straight line if 

V X B or parabola otherwise. 

Hence, ii. -4a.,b. 

iii. E* 0, B^ 0, E\\B 

V h 

_90° 

-- E 


Fig. 9.510 

Helical path with non-uniform pitch 
Hence, iii. -4 d. 

iv. Straight line path if V x B — E 
— 

B a 



Fig. 9.511 

Hence, iv. —»a. 

6. i. -»b., ii. iii.-»a.,c., iv.-»a.,d. 

i. 



y 



X 


Fig. 9.512 

ii. Force on left side is along z-axis and on right side is along 
-z-axis. But former is greater because of higher magnetic 
field on left side. Hence, net force is along z-direction or 
along P m . 
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Fig. 9.513 

iih Now net force is reversed, but P M is also reversed, 
iv. 



Force on left side is more than on right side. And net force 
will be along y-axis or along P m . 

7. i. — > d., ii.a.,b.,c., ill. b.,c., iv. —»a.,b.,c. 


D 



Fig. 9.515 


At P t magnetic field due to AB and CD will be zero. 

BDC = ^~( s]n & +sin h)(-k) 

Bda = ^~(sin<i> l +smi h)(-b 
Net field at P: 


B = B bc +B da =-~^-j-(sinft+sin fo)k 

Hence, we can Find the answers given. 

8. i.-^ a.,b.,d.,ii. —» a.,b.,c.,d.,iii.-* a.,b. 9 c. 9 d a| iv. b. 

i. Velocity of the particle may be constant, if forces of electric 
and magnetic fields balance each other. Then, path of 
particle will be straight line. Also, path of particle may be 
helical if magnetic and electric fields are in same direction. 
But path of particle cannot be circular. Path can be circular 
if only magnetic field is present, or if some other force is 
present which can cancel the effect of electric field. 

ii. Here, all the possibilities are possible depending upon 
the combinations of the three fields. 

iii. This situation is similar to part (i). 


iv In a uniform electric field, path can be only straight line or 
parabolic. 

9. i.-4b.,d., ii.—>a.,c., iii.^a.,c, iv.-»b.,d. 

i. If current is increased, flux in the loop will increase in 
inside direction, then due to Lenz’s law induced emf in 
the loop will be in anticlockwise direction. Due to this 
current, the cunrent In the nearer side of loop to the wire 
will be in opposite direction to that of wire. Hence, there 
will be repulsion. 

ii. This situation is opposite to part (i). 

iii. If loop is moved away, then flux decreases and this 
becomes similar to part (ii). 

iv. Similar to part (i) 

10. i. —> b.,c., ii. b.,d., iii. —> a., iv. c. 

i. Af=A//A = J00x5x#(0.1) 2 =5#Am 

As the current in jey plane is along anticlockwise direction, 
so moment will be along z~axis by right hand thumb rule. 

M =5 7th 

ii. t = M xB =5ftkx{-i + £) = -5;r j 

iii. Net force on a closed current carrying Joop in a uniform 
magnetic field is zero. 

iv. Magnetic field at center of loop due to current in loop will 
be along +ve z-axis from right hand thumb rule. 

11. i. b., d., ii. a., iii. —> a., iv. —»c. 

i. B = B 0 j > M = -/ a 2 k 

T = M x B = (-i a 2 k ) x B 0 j = i a 2 B Q i 

Torque is maximum as M and B are perpendicular. 

ii. Net force on a closed current carrying loop in a uniform 
magnetic field is zero. 

iii. V = - M'B = 0because MLB. 

iv. Magnetic moment of loop is along -ve z-axis from right 
hand thumb rule. 

12. i. a.,c.,d.,iL-> a.,c.,d.,iii. a.,b.,iv. —»a.,b 

i. Kinetic energy of the particle can remain constant, if 
both the fields are present. This is possible if the force 
due to both fields cancel each other. 

Kinetic energy of the particle can also remain constant if 
only magnetic field is present, because magnetic field 
does not do any work. 

Obviously K.E. will remain constant if no field is present. 

ii. This is possible if either both the fields are present or no 
field is present. This is also possible if only magnetic 
field is present and the particle is at rest. 

iii. This is possible if electric field is present, magnetic field 
may or may not be present. 

iv. This is possible if only electric field is present and 
velocity and electric field are along the parallel lines. 
Magnetic field may also be present if it is parallel to 
velocity. 

13. i. b.,d., ii. -> a.,d., iii. —> b.,d.,iv. -> c.,d 

Work done by magnetic force on a charge = 0 in any part of 
its motion. 

‘S’ is matching for all parts (i), (ii), (iii),(iv). 
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For loop 1: £/ in = -i+t-i = -i 


<§>B dl~ /J 0 (-i) 


For loop 2: ^ 7 in = i-i + i = i 
j>B-d~( = p 0 (i) 

For loop 3: £/ jn = -i -/'+/' = -i 
§B-dl = {i n (-i) 
For loop 4: £ / in = +/+/-/ = +j 
j>B-dl = p 0 (i) 



Fig. 9.517 


Area of the circle 

r7 fi ~ 71 ^ 

4 n 2 4# 

Magnetic moment of a loop in which / current flows is given by 

M = iA = — . 

An 


(Note that current will be taken as positive which produces 
lines of magnetic field in the same sense in which dl is 
taken.) 


Archives 


Fill in the Blank Type 


X. According to Fleming's left hand rule, the force on electrons 
will be toward right (D). 

Also, by the same rule we find that the force on proton and 
a -particle is toward left. 

Now, since the magnetic force will behave as centripetal force 


mv 2 

r 


= qvB 



m 

or /* oc — 

For proton r « j = 1 
4 

For particle roc — =2 

Radius will be greater for or-particle 
or-particle will take path B, 

- L > • 

Fig. 9.516 

Wire of length L is bent in the form of a circle. Then, the 
perimeter of the circle 


3. 


10 h 


/=— = — = —-— x 1.6 x 10“ 19 

t 1 1 


= 1.6x 10~ 3 A 
M = ixA 

= iX7ir 2 = 1.6x 10~ 3 x 3.14x0.5 x 10' l0 x 0.5 x 10" 10 
= 1.25x1 O' 3 Am 2 



Fig. 9.518 


4. The effect of current in PQ and RS for producing magnetic 
field at center is zero. 

Magnetic field due to current in semicircular arc QAR = 


I ^_L 

2|_ 2 R { 
plane of paper. 


directed toward the reader perpendicular to the 



Fig. 9.519 

Magnetic field due to current in semicircular arc SBP = 

directed away from the reader perpendicular to 

the plane of paper. 

Net magnetic field 



1 

< 

-1 

2 /?,_ 

~ 2 

2 R 2 


(directed towards the reader perpendicular to plane 
of paper). 


2[ 2 R 2 
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_L_1_ 

_^1 ' ^2 


5. We use the formula F = /(/*#) =*F=1LB sin 8 

For sides FE and BA, the angle will be 180° and 0°, 
respectively. 

F= O' 

For sides DE and CB, the forces will be 1LB but opposite in 
directions, in +Y and -Y directions, respectively. 



The net force due to these two sides will be zero. 

The force due to current inside DC will be ILF s in 90° = ILB 
in +Z direction (according to Fleming's Left hand rule). 

6. F =g(vxB) => qvBsm&^F 
=> F = e vB sin 90° = evB 


The direction of this force is in + Z-direction (by Fleming's 
left hand rule). Since electrons move toward the side ABDC, 
therefore this side has low potential. 

The positively charged particle enters the uniform magnetic 
field at right angle. Therefore, the force acting on the charged 
particle in the magnetic field acts as centripetal force. . 

,2 

= qvB 


mv 


But 


mv - qrB 

= „i y i 

V 


= qy 2 B 


2 = A2,2 5 2 


K.E 


P =4 
2m 


(K.E.)2/w = q 2 r 2 B 2 

(K.E.) c 2m g q 2 a r 2 B 2 
(K,E.) d 2w d 


2 2 /0 o d s2 


5.3 4^4 _1_ 

(K.E.),, X 2 1 X 2.3X23 

(KE.)^ = 14.0185 eV 


True or False 
1* True 

Let us consider a rectangular loop PQRS ( Ixb) having 
current 7 in anticlockwise direction placed in a uniform 
magnetic field B . The uniform magnetic field is directed 
from left to right. 

Fome on section PS according to Fleming’s left hand rule will 
be in downward direction and equal to I IB sin# 



Force on section RQ will be in upward direction and equal, to 
IIB sin# These two force will cancel out. Similarly, the forces 
on lengths RS and QP will be equal and opposite and cancel 
out in pairs. The net force is zero. 

2. True. The magnetic force acts in a direction perpendicular to 
the direction of velocity and hence it cannot change the 
speed of the charged particle. Therefore, the kinetic energy 



does not change. 


3. False. The velocity component v 2 will be responsible in 
moving the charged particle in a circle. 



Fig. 9.522 


The velocity component v x will be responsible in moving the 
charged particle in horizontal direction. Therefore, the 
charged particle will travel in a helical path. 

4. False. When a charged particle passes through a uniform 
magnetic field perpendicular to the direction of motion, a 
force acts on the particle perpendicular to the velocity. This 
force acts as a centripetal force. 


mv 2 

r 


= qvB 


mv 1 
r qvB 

p 2 

KK = — 
2m 


mv 

qB qB 


p = ,/2/mK.E. 


(0 


(ii) 


From(i) and (ii),r= 


j2wK.E. 

qB 




[for constant K.E. and B ] 


Here, q is same for electron and proton 
. k . Radius of proton will be more. 
False. 



























9.150 Physics for IIT-JEE: Electricity and Magnetism 


Single Correct Answer Type 

1. a. In a non-uniform magnetic field, the needle will experience 
both a force and a torque. 

2. c. The magnetic field is perpendicular to the plane of the 
paper. Let us consider two diametrically opposite elements. 
By Fleming's left hand rule on element AB, the direction of 
force will be leftward and the magnitude will be 

dF=IdlBsm90° = IdlB 


X 


X 



X 

X 


dF 


Fig. 9.523 

On element CD, the direction of force will be toward right on 
the plane of the paper and the magnitude will be dF 
=± IdlB. 

These two forces will cancel out. 

Similarly, all forces acting on the diametrically opposite 
elements will cancel out in pair The net force on the loop will 
be zero. 

3. c. is the correct option. Part AB of the rectangular loop will 
get attracted to the long straight wire as the currents are 
parallel and in the same direction whereas part CD will be 

repelled. But since this force F -, where r is the distance 

r 

between the wires. 

Therefore, there will be a net attractive force on the rectangle 
loop. 



Fig. 9.524 

4. b. Force per unit length between two wires carrying currents 
and i 2 at distance r is given by 

F _ Mo hh 



e 

In 

r 

Here, 

*i = 

i 2 - i 

and r ■■ 


II 

tvI ^ 

Moi 2 
2 nb 


*Y 

jlqVm 

1 Bq 

or 

Roc sfm 

_ 

p7 

or 

™x ( 

r 2 . 

V m y 

m Y { 


Ri 


\2 


R 


6. b. Using Ampere's circuital law over a circular loop of any 
radius less than the radius of the pipe, we can see that net 
current inside the loop is zero. Hence, magnetic field at every 
point inside the loop will be zero. 

7. d. Magnetic field at the center due to current jn arc ABC is 

// 0 2/r/j 0 

B = - l — (directed upwards) 

4 n r 2n 

D 



Fig. 9.525 

Magnetic field at the center due to current in arc ADC is 
ju 0 2nl 2 2nd 


B,= 


(directed downward) 


An r 2n 
Therefore, net magnetic field at the center 

_ Mo 2nl } $ _ jUp In 1 2 {In-6) 
An r 2n An r 2n 

.. . E E EQ 

Also, /. = — =-— = —- 

/?! pljA prQ 

E EA 


And 




B 


R 2 pl 2 /A pr{2n - 0) 

_/7o[\EA x e_ EA w (In-8) 


= 0 


An[prQ r pr(2n- r &) r 
(d) is the correct option. 

8. a. The centripetal force is provided by the magnetic force 

mv 2 _ mv 

- = q vB —= qB 

r r 

mv p 

=* r- -= — [ v p = mv] 

qB qB 


But 


K.E = — => p - J2m K.E. 

2m 


Here, K.E. and B are same for the three particles 
\fm . 

<7 


roc 


n/T -Jl s[A f- 

— =1: V2:l 

r a- r i>< r <i 

(a) is the correct option. 


2 y 
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9. a. Current, / = (frequency) (charge) 




(?. ">) 


R 


R 


(4. m) 


Fig. 9.526 

Magnetic moment, 

M= (l)(A)= (KR 2 ) = (qC0R 2 ) 

Angular momentum, L = 21 CO- 2( mR 2 ) m 

M _ go>R 2 _ 

L 2(m/? 2 )o> 2m 

10. b. 

A motional e.m.f,, e = Bv is induced in the rod. Or we can say 
a potential difference is induced between the two ends of the 
rods AB y with A at higher potential and B at lower potential. 
Due to this potential difference, there is an electric field in the 
rod. 

11. d. Net magnetic field due to the wires will be downward as 
shown below Fig* 9.527. Since angle between v and B is 
180°, therefore magnetic force F 1U = q (v X B) = 0 

l 


® 


1 

Fig. 9.527 

12.d. The magnetic lines of force created due to current will be in 
such a way that on x-y plane these lines will be 
perpendicular. Further, these lines will be in circular loops. 
The number of lines moving downward in x-y plane will be 
same in number to that coming upward of the x-y plane. 
Therefore, the net flux will be zero. One such magnetic line is 
shown in Fig. 9.528. 



(d) is the correct option. 


13. a. F e = qE (Force due to electric field) 

F B = evB $in@= qvB sinO = 0 (Force due to magnetic field) 

- 


- 


Fig. 9.529 

Force due to electric field will make the charged particle 
released from rest to move in the straight line (that of electric 
field). Since the force due to magnetic field is zero, therefore 
the charged particle will move in a straight line. 

(a) is the correct option. 

14. c. 

The angular momentum L of the particle is given by L - m r 2 a) 
where co=2Kn 

Frequency n = ; 


Further / = qxn- — 
2k 


Magnetic moment, M = iA = — x rir 2 \ 

2k 

^ _ mgr 2 M_ _ (pgr 1 _ q 

2 L 2mr 1 (o 2 m 

15. b. The wires are at A and B perpendicular to the plane of paper 
and current is toward the reader. Let us consider certain 
points. 

Point C: The magnetic field at C due to A ( Bca ) is in upward 
direction but magnetic field at C due to B is in downward 
direction. Net field is zero. 

Point E: Magnetic field due to A is upward and magnetic field 

due to B is downward but 

Net magnetic field is in downward direction. 

PointD: > |#db| => Net field upward. 

Similarly, other points can be considered. 


Bca 



Fig. 9.530 

16. c. Case 1: Magnetic field at M due to PQ and QR is 



Mo I 
2 nR 


+ o^ 

4 kR 
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| i" 


to ee 

E 

R \ 

.j,j. 

10 ee 

P 


S 


.ito« 



Fig. 9.531 

Case 2: When wire Q is joined 

H 2 - (Magnetic field at M due to PQ) + (Magnetic field at M 
due to QR) + (Magnetic field at M due to QS) 

2\_2ftR J 2\_ 2nR J 8 kR 

H l= 2 
H 2 3 


Note: 

The magnetic field due to a infinitely long wire carrying 
current at a distance A from the end point is half that at a 
distance R from the middle point. 

17. b. Case of positively charged particle: Two forces are acting 
on the positively charged particle (i) force due to electric field 
in the positive jc-direction, and (ii) force due to magnetic field. 

F^q(v*B) 

=> F = q [VixBk] => F=qYB(}xk) 

=> F = qVB (-j) 

This force will move the positively charged particle toward Y- 
axis. 

Case of negatively charged particle: 

Two forces are acting dn the negatively charged particle 

(i) due to electric field i'll the negative ^-direction, and 

(ii) due to magnetic field 

=> F =-q(vxB) => F =-q[v(-i)xB(k)] 

=> F =qvB[iXk] => F =qvB(-j) 

Same direction as that of positive charge, (b) is the correct 
answer. 

18. d. If we take individual .length for the purpose of calculating 
the magnetic field fn a3-dimensional figure, then it will be 
difficult. 

Here, a smart choice is to divide the loop into two loops. One 
loop is ADEFA in y~d plane and the other loop will be 
ABCDA in t hex-y plane. 

We actually do not have-any current in the segment AD. By 
choosing the loops, we Find that in one loop we have to take 
current from A to D and in the other one from Dio A. Hence, 
these two cancel out the effect of each other as far as creating 
magnetic field at the concerned point/t is considered. 


2 



The point (a, 0, in the X-2 plane. 

The magnetic field due to current in AB CD A will be in +ve z- 
direction. Due to symmetry, the ^components and 
a: -components will cancel out each other. 

Similarly, the magnetic field due to current in ADEFA will be 
nut-direction. 

The resultant magnetic field will be B ~ -^(Z +k) 

V2 

Correct option is (d). 

19. b. When a charged particle is moving at right angle to the 
magnetic field, then a force acts on it which behaves as a 
centripetal force and moves the particle in circular path. 



ntjV 


a v a _ 
2 r 


~ qB 


Similarly, for second particle moving with half radius as 
compared to the first one, we have 


WL= qB 


20. a. 


MflVfl _ m B V B 
2 r r 

m A v A >m B v 8 
Correct option is (b).' 





Fig. 9.534 

Clearly, the flux linkage is maximum in case (a) due to the 
spatial arrangement of the two loops. 

Correct option is (a). 
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21. c. Let us consider a thickness dx of wire. Let it be at a distance 
jcfrom the center 0. 



Number of turns per unit length = 


N 

b-a 



25. b. The velocity at P is in the Jt-direction (given). Let V - m L 
After P , the positively charged particle gets deflected in the 
x-y plane toward -y-directioh and the path is non-circular. 

Now, F - g(V x B) 


N 

Number of turns in thickness dx =- dx 

b-a 

Small amount of magnetic field produced at O due to 
thickness dx of the wire 


dB . a. J"_* 

2 (b-a) x 
On integrating, we get 

g_ ( k Mo NI dx _ Mo NI . tbdx 
2 (b-a) x 2 (b-a) X' 


Mo M 

■ 2 (b-a) 




Mo w 

2 (b-a) 



\ 


Correct option is (c). 

22. b. Width of the magnetic field region (b - a) £ where * R " is 

its radius of curvature inside magnetic field, 


R=—(b-a) / 

qB / 

( b-a)qB 


(b) is the correct option. 

23. a. Magnetic field I B I =- , ; Unit vector perpen- 

2 TTsjx 2 + y 2 


dicular to the position vector is 


(yi -xj) 
\jx 2 + y 2 


B = 


2x(x 2 + y 2 ) 


(yf-xj) 


(a) is the correct option. 

24. d. is the correct option. Magnetic lines of force form closed 
loops. Inside magnet, these are directed from south to north 
pole. 


= q[mt x ( ck + at)] [for option (b)] 

= q[mci x £ + mat x f] -mcq{-j) 

Since in option (b) electric field is also present, i.e., E- at , 
therefore it will also exert a force in the +x-direction. The net 
result of the two forces will be a non-circular path. 

Only option (b) fits for the above logic. For other options, we 
get some other results. 

26. b. Using Fleming’s left hand rule, we find that a force Is acting in 
the radically outward direction throughout the circumference of 
the conducting loop. 

27. a. U - -M‘B 

= —MB cos 0 

In case I: 0= 180°, U = +MB 

In case II: 0=180°, U = 0 

Incase III: 0is acute, + ve (less than +MB) 

In case IV: 0is obtuse, U = -ve 
I > III > II > IV 

28. b. The force acting on the electron will be perpendicular to 
the direction of velocity till the electron remains is the 
magnetic field. So, the electron will follow the path as given. 



29. a. F /n = q(v x B) 


Mo> 


An 


I2x 


[cos53° + cos37°] 



30. c. B = - 
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Fig. 9.538 


Multiple Correct Answers Type 

L a M b.,d. 

There is no change in velocity. It can be possible when 
electric and magnetic fields are absent, i.e., E = 0, B = 0. 
Or when electric and magnetic fields are present but force 
due to electric field is equal and opposite to the force due to 
magnetic field, (i.e., E * 0, B * 0). 

Or when E = 0, but B * 0. 

F = qt)B sin 0, he., 

sin 0=0, i.e., 0 = 0 ^ and B are in the same direction. 

2. a.,b.,d. 

Considering the activity from P to Q (horizontal) 



u =■v< v = 2v, s = 2a, Acc = ? 
v 2 -u 2 -2as 

=> 4v 2 -v 2 = 2A(2a ) =*> A = — 

4a 

Force acting on the horizontal direction is 


F -qE-mA => E- 


mA 


mv 


Rate of doing work at P = power 


Fxt> — mA xd = - 
4 


mv 3 

a 


Rate of doing work by the magnetic field is throughout zero. 
The rate of doing work by electric field is zero at Q. Because 
at Q , the angle between force due to electric field and 
displacement is zero. 

(a), (b) and (d) are correct options. 

3. b.,c. v = l f{ (G + R) 


= 5 x 1 O' 5 [100 + 200,000) = 10 V 


/ = / +1 


= 5x10 






5mA 


/. (b) and (c) are correct options. 

4. a., c. When the changed particles enter a magnetic field, then 
a force acts on the particle which will acts as a centripetal 
force. 

..2 


Now, 


^ mv mv 

qvB - - r = — 

r qB 


■4ie 


1 2 

E - —mV ^ V = 

2 m 


_ m j2E _ ■%jlEm __ JlE ^ Vm 
qBy m qB B q 


yfm 


(i) 

(ii) 


VI 


V4 


H j H& j * O 


^ 0<2 ' ; V x2 


' Vl6 

2 


=> He + and 0 + will be deflected equally. 

H + will be deflected the most since its radius is smallest. 



Fig. 9.540 

(a), (c) are correct options. 

5. c., d. Out of the given options only induced electric Field and 
magnetostatic field form closed loops of field lines. 

6. a., c. Net force on the loop; 

Force on AB\ The magnetic field due to current /j is along 
AB> 

dF -t{dlxBx sin 0°) = 0 

Force on CD; Similarly, the magnetic field due to current /j is 
along DC. Because here 0= 180°. Therefore, force on DC is 
zero. 



Force on BC ; Consider a small element dl 
dF = l 2 dlB t sin 90° =>dF = l 2 dlB , 





















( 
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By Fleming's left hand rule, the direction of this force is 
perpendicular to the plane of the paper directed outwards* 
force on AD: dF = l 2 dlB , sin 90° = l 2 dlB { 



By Fleming's left hand rule, the direction of this force is 
perpendicular to the plane of paper directed inwards. Since 
the current elements are located symmetrical to current / j4 
therefore force on BC will cancel out the effect of force on 
AD. 

._=£ Net force on loop ABCD is zero* 

Net torque on the loop. The force on BC andylD will create 
a torque on ABCD in clockwise direction about 00' as seen 
by the observer at O, Gravitational and electrostatic Fields 
do not form closed loops. 

7. a., c., d. vLB in region II. Therefore, path of particle is 
circle in region II. Particle enters in region III, if radius qf 
circular path, r >7 
mv 

or —■ > I 

Bq 

Bql 

or v>- 

m 

.. Bql mv . _ L , 

If v= -, r = — - /, particle will turn back and path 

m Bq 

length will be maximum. If particle returns to region I, time 
spent in region II will be: 



m 


t 


T __ pm 

2^Hq' 


which is independent of v 


Corrent options are (a), (c) and (d). 

F -I [(Li) x (5/)] = ILBk 

Magnitude of force is ILB and direction of foi;ce is 
positive z- 

Assertion-Reasoning Type 


1. c. c<p- BIN A 



Using iron core, value of magnetic field increases. So, 
deflection increases for the same current. Hence, sensitivity 
increases. 

Soft iron can be easily magnetized or demagnetized, 
correct option is (c). 

Matching Column Type 

1. L-»a., ii. iil-»b.,d., iv.->b.,c, 

2. i. -^b., ii.^c.,d., iv. ^a.,b.,c. 

3. L-»b.,c., ii. ^a.> iii.—>b.,c., iv. —>b.,d. 

4. i. —*a.,c.,d., ii.—»c.,d. ( iii.->a.,b.,et, iv*—>c.,d. 
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ALTERNATIVE CURRENT AND VOLTAGE 

A time varying current or voltage according to its law of variation 
may be periodic or non-periodic. In case of periodic current or 
voltage* the current or voltage is said to be alternating if: 

a. its amplitude is constant* and 

b. alternative half cycle is positive and half negative. 

This all is illustrated in Fig. 10.1. 



Fig. 10.1 

If the current or voltage varies periodically as ‘sin 1 or ‘cos’ 
Function of time, the current or voltage is said to be sinusoidal 
(Fig. 10.2). 



which we call the voltage amplitude; and CD is the angular 
1 frequency, which is equal to 2;rtimes the frequency/. 


Voltage Voltage Voltage 

positive zero negative 



i - l cos mt or i = 1 sinryr (2) 

where / (lowercase) is the instantaneous current and / 
(uppercase) is the maximum current or current amplitude. 


- Points to Rerneirtbier- 

• It is produced by a dynamo or an electronic oscillator. 

• The frequency of ac in India is 50 Hz* i.e.* f = 50 Hz so to = 
2nf = 100ft rad/s. 

• The ac can be converted into dc with the.help of rectifier 
while dc into ac with the help of an inverter. 

• It cannot produce chemical effects of current such as 
electroplating or electrolysis as due to large ions cannot 
follow the frequency of ac. 

• It can be stepped up or down with the help of trans-former 
(while dc cannot be). 

• Alternating current is measured by hot wire instruments. 


PHAS0R DIAGRAMS 



Fig. 10.2 

We use the term ac source for any device that supplies a 
sinusoidally varying vol'agc (potential difference) v or current /'. 
The usual circuit-diagram symbol for an ac source is shown in 
Fig. 10.3 

— © — 

Fig, 10,3 

A sinusoidal voltage might be described by a function such as 
V- Vcos(01 or v=Vsin cot (1) 

In this expression, ^(lowercase) is the instantaneous potential 
difference, V (uppercase) is the maximum potential dt(Terence, 


To represent sinusoidally varying voltages and currents* we will 
use rotating vector diagrams similar to those we used in the study 
of simple harmonic motion. In these diagrams the instantaneous 
value of a quantity that varies sinusoidally with time is 
represented by the projection onto a horizontal axis of a vector 
with a length equal to the amplitude of the quantity. The vector 
rotates counterclockwise with constant angular speed a). These 
rotating vectors are called phasors. The projection of the phasor 
onto the horizontal axis at time / is / cos cot ; this is why wc chose 
to use the cosine function rather than the sine (see Fig. 10.5). 
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Note: 

A phasor is not a real physical quantity with a direction 
in space, such as velocity, momentum, or electric field. 
Rather, it is a geometric entity that helps us to describe 
and analyze physical quantities that vary sinusoidally 
with time. In a simple harmonic motion we use a single 
phasor to represent the position of a point mass 
undergoing simple Harmonic motion . In this chapter we 
will use phasor to add sinusoidal voltages and currents . 
Combining sinusoidal quantities- with the phase 
differences then becomes a matter of vector addition. 



AVERAGE OR MEAN VALUE OF 
ALTERNATING CURRENT 

If the average or mean value of alternating current or 
voltage is defined for full cycle, it will be zero as 

rT rT 

J q sivuot dt or J q cos cot dt = 0 so it is defined for positive 
(or.negative) half cycle as 



ROOT MEAN SQUARE (RMS) VALUES 


A more useful way to describe a quantity that can be either 
positive or negative 7 the root mean square (rms) value. We used 
rms values in kinetic theory of the gases in connection with the 
speeds of molecules in a gas. We square the instantaneous current 
/, take the average (mean) value of z\ and finally take the square 
root of that average. This procedure defines the root mean square 
current, denoted as / nns . Even when i is negative, i 1 is always 
positive, so 7 rrm is never zero (unless 7 is zero at every instant)- 
Here’s how we obtain / mis for a sinusoidal current, like that 
shown in Fig. 10.6, if the instantaneous current Is given by 
/ = /cos cot, then 

i 1 ~ l 2 cos 1 cot (3) 


9 I 

But we have, cos A = -(I + cos2A) 


We find 


i 2 = 7 2 -(l +cos 2 cot) - 


1 9 1 9 

— 7 2 h—/“ cos 2 cot 

2 2 


The average of cos 2 cot is zero because it is positive half the 
time and negative half the time. Thus the average of i 2 is simply 
/ 2 /l The square root of this is / nns : 



(rms value of a sinusoidal current) (4) 


Meaning of the rms value of a 
sinusoidal quantity (here, ac 
current with / = 3 A) 

(1) Graph current i versus time 

(2) Square the instantaneous currenl / . 

(3) Take the average (mean) value of i 2 

(4) Take the square root of that average. 

Fig. 10.6 

In the same way the rms value of sinusoidal voltage with 
amplitude (maximum value) V is 
V 

V mii = ~~r ( rms value of a sinusoidal voltage) (5) 


Note: 

Effective, virtual, or rms value of alternating current is 
defined as the square root of the average of I 2 during a 
complete cycle, Le., 


^rms 


/ -A. 
rms -h 


f r / 2 * 

Jo 


" rlntti) ^ a ~ 

l^sm 1 cttdt 

r T 


tint a 

f dt 

L Jo . J 


V * J 


[as J^sin 2 cot dt - yj 


All ac instruments read this value, e.g.,if we speak about 
220 V alternating voltage we mean V rms = 220 V 

• As V av = ^V 0 and V rms = 

V 0 > V rnls >V av , and V 0 = 1.44V r)lls 

So, ifV rms = 220 V ; V 0 = & X 220 = 311V 

and V nv = 0.9 x 220 = 198 V 

. /n n k 

• So, for sinusoidal, ac = —— X - — — — 

\i 2 2/q 2\}2 



The plate on the hack of a personal computer 


says that it draws 2.7 A from a 120-V, 60 Hz line. For this 
computer, what is (a) the average of the square of 
the current, (b) the current amplitude, and (c) the average 
current? 
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Sol. 

a. The current given is the rms value: 7 nns> = 2.7 A. The target 
variable 0' 2 ) av is the mean of the square of the current. The 
rms current is the square root of this target variable, so 

U= or (iX = (W 2 = (2-7 A) 2 = 7.3 A 2 

h. From the above eq. the current amplitude 7 is 

1= -Jl /^s = -n/2 (2.7 A) = 3.8 A 


c. We know the rms current, given by eq. (7 nns = -J=), is the 

square root of the mean (average) of the square of the current 
The average of any sinusoidal alternating current, over any 
whole number of cycles, is zero. We define the average For 


positive or negative half cycle 7 a 


; _ 27 0 _ 2 x 3,8 _ ^ 


42 A 


it 


n 



An alternating current is given by the 

following equation: / = 3^2 sin (100^7 + 7ti 4). Give the 
frequency and mean value of the current. 

Sol. /= 3-s/2 sin (lDO^r/ + k!A) 

W^ = 3^2/72 A = 3 A 
and 2itf= \00x => /= 100#/#= 50 Hz 
Frequency (/) = 50 Hz 


A voltage, E - 60 sin 314 1 } is applied across a 
resistor. What will be the reading of 7 rms 

i. in ac ammeter? 

ii. ordinary moving coil ammeter in series with the resistor 
read? 

Sol. Given that E = 60 sin 314 t 


i. An ac ammeter will read the rms value 


E = 


7 .= 


A = 60 = 424 

a a 


E, 

R 


42 4 

— = — = 2.12 
20 


V 

A 


Therefore ac ammeter will read 2.! 2 A. 
ii. An ordinary moving coil ammeLer will lead the average value 


of alternating current. Since the average value of ac over one 
cycle is 2 ero, this meter will give zero reading. 

RESISTANCE AND REACTANCE 

In this section we will derive voltage-current relationships for 
individual circuit elements carrying a sinusoidal current. We will 
consider resistors, inductors, and capacitors. 

RESISTOR IN AN AC CIRCUIT 

First let us consider a resistor with resistance 7? through which 
there is a sinusoidal current i = Icoscot. The positive direction of 
cuiTent is counterclockwise around the circuit, as in Fig, 10.8 (a), 
the current amplitude (maximum current) is 7. From Ohm*s law the 
instantaneous potential of point a with respect to point b (that 
is, the instantaneous voltage across the resistor) is 

v* = /7? = (77?) co scot (6) 

The maximum voltage V Ri the voltage amplitude, is the 
coefficient of the cosine function: 

VW* 

(amplitude of voltage across a resistor, ac circuit) (7) 
Hence from equations (i) and (ii), we can also write 

v R -V R co^cot (8) 

The current i and voltage v* are both proportional to cos cot< 
so the current is in phase with the voltage. Equation (7) shows 
that the current and voltage amplitude are related in the same way 
as in a dc circuit. 

Fig. 10.8 (b) shows graphs of / andv^as the functions of time. 
The vertical scales for current and voltage are different, so the 
relative heights of the two curves are not significant. The 
corresponding phasor diagram is given in Fig. 10.8 (c). Because 
i and v R are in phase and have the same frequency, the current and 
voltage phasors rotate together; they are parallel at each instant. 
Their projections on the horizontal axis represent the instant- 




Fig. 10.8 
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INDUCTOR IN AN AC CIRCUIT 


We replace the resistor used in the previous section and place a 
pure inductor with self-inductance L and zero resistance 
(Fig. 10.9 (a)]. Again* we assumethat the current is= Ico$Cot> 
with the positive direction of current taken as counterclockwise 
around the circuit. 

Although there is no resistance, there is a potential difference 
v L between the inductor terminals a and b because the current 
varies with time. Given by e--Ldifdt\ however, the voltage v L 
is not simply equal to £ To see why. notice that if the current in 
the inductor is in the positive (counterclockwise) direction from 
a to b and is increasing, then dildt is positive and the induced 
e.m.f. is directed to the left to oppose the increase in current. 
Hence, point a is at a higher potential than point b. Thus, the 
potential of point with respect to point b is positive and given by 
v t = + L difdt , the negative of the induced e.m.f. (You should 
convience yourself that thus expression gives the correct sign of 
v L in all cases, including i counterclockwise and decreasing, / 
clockwise and increasing, and i clockwise and decreasing); 

f. v 


Inductor connected lo 
a c source 


«——-•— 
a L h 

• . .fa)- (b) 



C\irreflt 

Induct or 

phasor */ 

voltage 

\ 

phasor 

,/ 

\ 

\ 

i v *- 

,-v. 

\ 

V V' / 


-— - 1 - 

0 

(c> 



Fig, 10.9 

So we have 

di d 

V, = L — = L—(l cos#/) = -IoL&incoi (9) 
L di di 

The voltage v L across the inductor at any instant is proportional 
to the rate of change of the current. The points .of majtimum 
voltage on the graph correspond to maximum steepness of the 
current curve, and the points ofzero voltage are the points where 
the current curve instantaneously levels off at its maximum and 
minimum values [Fig. 10.9 (b)]. The voltage and the current are 
"out of step” or out of phase by a quarter cycle. Since the voltage 
peaks occur a quarter cycieearliex than the current peaks, we say 
that the voltage leads the current by 90°. The phasor diagram in 
|Fig. 10.9 (c)] also shows this relationship; the voltage phasor is 
ahead of the current phasor by 90°. 


Wc can also obtain this phase relationship by rewriting 
Eq. (9) using the identity cos (A + 90°) = - sinA 

= IwL cos (cot + 90°) (10) 

This result shows that the voltage can be viewed as a cosine 
function with a "head start” of 90° relative to the current. 

As we have done in Eq. (10) we will usually describe the phase 
of the voltage relative to the current, not the reverse. Thus if the 
current i in a circuit is 

/ = / cos cot 

and the voltage v of one point with respect to another is 
v= Vcos ( cot + tp) 

We call <f> the phase angle; it gives the phase of the voltage 
relative to the current. For a pure resistor <j> - 0, and for a pure 
inductor, ^=90° 

From Eq. (9) and (10), the amplitude V L of the inductor 
voltage is 

V L — Ia>L (11) 

We define the inductive reactance X L of an inductor as 

X L = coL (inductive reactance) (12) 

Using X Ly we can write Eq. (11) in a form similar to equation for 
a resistor (V R = IR): 

V L =fX L (13) 

(amplitude of voltage across an inductor, ac circuit) 
Because X L is the ratio of a voltage and a current, its SI unit is 
Ohm, the same as for resistance. 

Meaning of Inductive Reactance 

The inductive reactance X L is really a description of the self- 
inducted e.m.f that opposes any change in the current through 
the inductor. From equation for a given current amplitude l the 
voltage v L ~ 4 Ldifdt across the inductor and the self-inducted 
emf e = - Ldi/dt both have an amplitude V L that is directly 
proportional ioX L . According to Eq. (12), the inductive reactance 
and the self induced emf increase with more rapid variation in 
current (that is, increasing angular frequency, cd) and increasing 
inductance L. 

If an oscillating voltage of a given amplitude V L is applied 
across the inductor terminals, the resulting current will have a 
smaller amplitude / for larger values of X 0 since X L is proportional 
to frequency, a high-frequency voltage applied to the inductor 
gives only a small current, while a lower-frequency voltage of the 
same amplitude gives rise to a larger current. Inductors are used 
in some circuit applications, such as power supplies and radio¬ 
interference filters, to block high frequencies while permitting 
lower frequencies or dc to pass through. A circuit device that 
uses an inductor for this purpose is called a low-pass filter. 

Suppose you want the current amplitude 
in a pure inductor in a radio receiver to be 250 pA when the 
voltage amplitude is 3.60 V at a frequency of 1.60 MHz 
(corresponding to the upper is 3.60 V AM broadcast band). 
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a- What inductive reactance is needed? What inductance is 
required? 

h If the voltage amplitude through this inductor at 16.0 MHz? 

Sol. We are not told about any other elements of the circuit of 
which the inductor is a part of. We should also nor cur^ :n>out 
those other elements* since from the perspective of this example, 
all they do is provide the inductor with an oscillating voltage. 

Set up: We are given the current amplitude, /, and the voltage 
amplitude, V. Our target variables in part (a) are the inductive 
reactanceX^al 1.60 MHz and the inductance L. Once we know A* 
we use these same two equations to find the inductive reactance 
and current amplitude at any other frequency. 


Inductor connected to 
ac source 



nib 

Fig. 10.10 

Execute: 

a The inductive reactance 

V L 3.60V , 

X L = ~r= - T— = L.44X 10 4 0=14.4 kCl 

L l 250 x 10 ~ 6 A 

But &>=2;rAwefmd 

_ X, L44 x 10 4 Q 
" 2 nf ~ 2/r(1.60 x 10 6 Hz) 

* 1.43x 10 - 3 .H= 1.43 mH 

h We kpow that the current amplitude is 7 = VJX L = VrfcoL 
= VJlnfL . Thus, the current amplitude is inversely 
proportional to the frequency/. Since / = 250 jiA at/= 1.60 
MHz, the current amplitude at 16.0 MHz (ten times the 
original frequency) will be one-tenth as great, or 2500 pA = 
2,50 mA. 

In general, the lower the frequency of an oscillating voltage 
applied across an inductor, the greater the amplitude of the 
oscillating current that results. 

isMms A pure inductance of 1,0 H is connected 
acrossa 110 V,70 Hz source. Find the reactance, current, and 
the peak value of current. 

SoLL= 1.0 H, 110 V, /- 70 Hz. 

i. Reactance = COL = 2#x 70 x 1 = 439.6 Q 

ii. Current = 1 10/439.6 = 0.25 A 

Hi. Peak value of current = 0.25 x 1.414 = 0.353 A 

CAPACITOR IN AN AC CIRCUIT 

We connect a capacitor with capacitance C to a source as shown 
in Fig. 10.11(a) producing a current i = /cos cot through the 
capacitor Again, the positive direction of current is counter¬ 


clockwise around the circuit. 





Current 

phasor 

\ • 



/ 


Capacitor 
voltage phasor 


(c) 


Fig. 10.11 Phasor Diagram 


Caution 


Alternating current through a capacitor: You may object that 
the charge cannot really move through the capacitor because its 
two plates are insulated from each other. True enough, but as the 
capacitor charges and discharges, there is at each instant a current 
/ into one plate, an equal current out of the other plate, and 
an equal displacement current between the plates just as though 
the charge were being conducted through the capacitor. Thus, we 
often speak about alternating current through a capacitor. 

To find the instantaneous voltage v c across the capacitor, that 
is, the potential of point a with respect to point b - w first let q 
denote the charge on the left-hand plate of the capacitor in 
Fig. 10.11 (a) (so q is the charge on the right hand plate). The 
current / is related to q by i = dq!dt\ with this definition, positive 
qurrent corresponds to an increasing charge on the left-hand 
capacitor plate. Then 

da 

i = — = / cos cot 
dt 

Integrating this, we get 


1 , 

q- — stno?r 
co 


04) 


Also from C = Qtv n b dhe charge q equals the voltage v c 
multiple by the capacitance 3 = Cv c Using this inEq. (14) we find 


v c - —— si ncot (15) 

coC 

The insfantaneous current 2 is equal to the rate of change 
dqfdi of the capacitor charge q\ since q = Cv c% i is also 
proportional to the rate of change of voltage, (Compare to an 
inductor, For which the situation is reversed and v L is proportional 
to the rate of change of /.) Fig. 10.11 (b) shows v c and i as 
functions of /. Because / ~ dqldt = C d v c !dt> the current has its 
greatest magnitude when the v c curve is rising or falling most 
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steeply and is zero when the v c curve instantaneously levels off 
at its maximum and minimum values. 

The capacitor voltage and the current are out of phase by a 
quarter cycle. The peaks of voltage occur quarter cycle after the 
corresponding current peaks. And we say that the voltage phasor 
is behind the current phasor by a quarter-cycle or 90°. 

We can also derive this phase difference by rewriting Eq. (15) 
using the identify cos (A - 90°) = sinA 


v c = -^-cos^-W) • ( 16 ) 

coC 

This corresponds to a phase angle (p = 90°. This cosine function 
has a “late start” of 90° compared with the current / = Icosot 
Equations (15) and (16) show that the maximum voltage l/ c (the 
voltage amplitude) is 


v c~ 


/ 

(OC 




(17) 


To put this expression in a form similar to Eq. (7), V R = 1 R , fora 
resistor V R = IR, we define a quantity X c > called the capacitive 
reactance of the capacitor, as 


X c = (capacitive reactance) 


(18) 


Then 

V C -IX C (amplitude of voltage across a capacitor, ac circuit) 

(19) 

The SI unit of X c is Ohm, the same as for the resistance and 
inductive reactance, because X c is the ratio of a voltage and a 
current. 


Meaning of Capacitive Reactance 

The capacitive reactance of a capacitor is inversely proportional 
both to the capacitance Cand to the angular frequency 1 o>\ The 
greater the capacitance and the higher the frequency, the smaller 
the capacitive reactance, X c . Capacitors tend to pass high- 
frequency current and to block low-frequency currents and dc, 
just the opposite of inductors. A device that preferentially passes 
signals of high frequency is called a high-pass filter. 

RESISTOR AND CAPACITOR 
IN AN AC CIRCUIT 


ExampleIO.6 


A 200 Cl resistor is connected in series with a 


5,0 pF capacitor. The voltage across the resistor is v* 


= (1.20 V) cos (2500 rad/s)r¬ 


a. Derive an expression for the circuit current, 
h Determine the capacitive reactance of the capacitor, 
c. Derive an expression for the voltage across the capacitor. 


Sol. This is a series circuit. The current is the same through the 
capacitor as through the resistor. Our target variables are the 


current /, capacitive reactance X c> and capacitor voltage v c . 

Setup: Figure 10.12 shows the circuit. We. find the current through 
the resistor, and hence through the circuit as a whole. We 
useEq. (18) to find the capacitive reactance X c , Eq. (19) to find the 
voltage amplitude, and Eq. (16) to write an expression for the 
instantaneous voltage across the capacitor. 


——— © - 

c=5.omf « = 20on 

■|l—•-*-A/VW-»— 


y K - (1.20 V) cos (2500 RKi/s) ( 

Fig. 10.12 


Execute: 


a. Using v ft = iR, we find that the current i in the resistor and 
through the circuit as a whole is 

vR _ (1,20 V) cos(2500 rad/s)t 
R ~ 200 n 

= (6.0 X 10- J A) cos (2500 rad/s)/ 
bt FromEq. (18) the capacitive reactance at (O- 2500 rad/s i$X c 

= —=-!- 7 — = 8on 

(OC (2500rad/s)(5.0xl0‘ 6 F) 
c. From Eq. (19), the amplitude V c of the voltage across the 
capacitor is 

V c = IX c = (6.0 X 10" 3 A) (80ft) = 0.48 V 
The 80 Cl reactance of the capacitor is 40% of the resistor's 
200 Cl resistance, so the value of V c is 40% of V R . The 
instantaneous capacitor voltage v c is given by Eq. (16) 
v c = v c cos(tf>/-90°) 

= (0.4S V) cos [(2500 rad/s); - nil rad] 


Note: 

Although the current through the capacitor is the same 
as through the resistor ,; the voltages across these two 
devices are different in both the amplitude and the 
phase, Note that in the expression for n c we converted 
the 90 0 to p/2 rad so that all the angular quantities have 
the same units . In an at circuit analysis, phase angles 
are often given in degrees y so be careful to convert to 
radians when necessary , 

COMPARING AC CIRCUIT ELEMENTS 

Table )0.1 summerizes the relationships of voltage and current 
amplitude for the three circuit elements wc have discussed. Note 
again that the instantaneous voltage and the current are 
proportional in a resistor, where there is zero phase difference 
between v* and / [sec Fig. 10.13 (b)]. The instantaneous voltage 
and current are not proportional in an inductor or a capacitor, 
because there is a 90° phase difference in both the cases. 
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Fig. 10.13 


Table 10.1 Circuit Elements with Alternating Current 


Circuit 

Element 

Amplitude 
Relationship > 

Circuit 

Quantity 

i Phaseofv 

Resistor 

V r = 1R 

; r 

In phase with i 

Inductor 

Vt=% 

X^ “ — 0)Lj 

Leads i by 90° 

jGapacitor 

v e =/i£ . 

11 

£ 

| .Lags i by 90° 


Figure 10.14 shows how the resistance of a resistor and the 
reactances of an inductor and a capacitor vary with angular 
frequency* ojl Resistance/? is independent of frequency* while the 
reactances X L and X c are not. If m = 0* corresponding to a dc 
circuit, there is no current through a capacitor because X c —» oo, 
and there is no inductive effect because^ = 0. In the limit 
X L also approaches infinity, and the current through an inductor 
becomes vanishingly small; recall that the self-induced e.m.f 
opposes rapid changes in the current. In this same limit, X c and 
the voltage across a capacitor both approach zero; thecuirent changes 
direction so rapidly that no charge can build up on either plate. 

R, X 



L-R-C SERIES CIRCUIT 

Many ac circuits used in practical electronic systems involve 
resistance, inductive reactance, and capacitive reactance. A 
simple example is a series circuit containing a resistor, an 
inductor, a capacitor* and an ac source, as shown in Fig. 10.15 (a). 


To analyze this and similar circuits, we will use a phasor 
diagram that includes the voltage and the current phasors for 
each of the components. In this circuit, because of KirchhofFs 
loop rule, the instantaneous total voltage v ad across all the three 
components is equal to the source voltage at that instant. We will 
show that the phasor representing this total voltage is the vector 
sum of the phasors for the individual voltages. Complete phasor 
diagrams for this circuit are shown in Figs. 10.15 (b) and (c). These 
may appear complex, but we will explain them one step at a time. 

Let us assume that the source supplies a current / given by 
i = /cos ax. Because the circuit elements are connected in series, 
the current at any instant is the same at every point in the circuit. 
Thus, a single phasor /, with length proportional to the current 
amplitude, represents the current in all circuit elements. 

We use the symbols v R , v L and v c for the instantaneous 
voltages across R> L* C, and the symbols and V c for the 

maximum voltages. We denote the instantaneous and maximum 
source voltages by t/and V . Then, in Fig. 10.15 (a), V- v ad > 
Vr= Krfc* *l = t^and v c = v u- 

We have shown that the potential difference between the 
terminals of a resistor is in phase with the current in the resistor 
and that its maximum value V* is given by Eq. (7). 



(c) 

Fig. 10.15 

The phasor in Fig. 10.15(b)* in phase with the current phasor 
/, represents the voltage across the resistor, its projection onto 
the horizontal axis at any instant gives the instantaneous 
potential difference v R . 

The voltage across an inductor leads the current by 90°. Its 
voltage amplitude is given by Eq. (13): 

V L =IX L 

The phasor V L in Fig. 10.15 (b) represents the voltage across 
the inductor, and its projection onto the horizontal axis at any 
instant equals v L . 

The voltage across a capacitor lags the current by 90°. Its 
voltage amplitude is given by Eq. (19): 

V C =IX C 




































Alternating Current 10.9 


The phasor V c in Fig. 10.15 (b) represents the voltage across 
the capacitor, and its projection onto the horizontal axis at any 
instant equals v c . 

The instantaneous potential difference ^between the terminals 
a and d is equal at every instant to the (algebraic) sum of the 
potential differences v R , v L and v c . But the sum of the projections 
of these phasors is equal to that which represents the source 
voltage v and the instantaneous total voltage v ad across the series 
of elements. 

To form this vector sum, we first subtract the phasor V c from 
the phasor V L . (These two phasors always lie along the same line, 
in opposite directions.) This gives the phasor, V L - V c . This is 
always at right angles to the phasor, V^, so from the Pythagorean 
theorem the magnitude of the phasor V is 

V= >K 2 + (V L -V C ) 2 

= V (/*) 2 + (/x l -/x c ) 2 

or V= iJr 2 + (X z .-X c ) 2 (20) 

We define the impedance Z of an ac circuit as the ratio of the 
voltage amplitude across the circuit to the current amplitude in 
the circuit. From Eq. (20) the impedance of the L-R-C series circuit 
is 

Z= ^//? 2 + (X L -X c ) 2 (21) 

So we can rewrite Eq. (20) as 

v= rz 

(amp 1 i t ude of voltage acros s an ac ci re u i t) (22) 


MEANING OF IMPEDANCE AND 
P^ASE ANGLE 

Equation 22, given in previous section, has a form similar to 
V = IR , with impedance Z in an ac circuit playing the role of 
resistance R in a dc circuit. Just as direct current tends to follow 
the path of least resistance, so alternating current tends to follow 
the path of lowest impedance. Note, however, that impedance is 
actually a function of R , L, and C, as well as of the angular 
frequency ox We can see this by substituting eq. (12) for X L and 
Eq. (18) for X c into Eq. (21), giving the following complete 
expression for Z for a series circuit: 

z = tJr 2 + (x l -x c ) 2 

= Jr 2 + [atfL-(i/©c)f 

(impedance of a n L-R-C series circuit) (23) 
Hence for a given amplitude V of the source voltage applied to 
the circuit, the amplitude I = VIZ of the resulting current will be 
different at different frequencies. 

In the phasor diagram shown in Fig. 10.16 (b) the angle <p 
between the voltage and the current phasors is the phase angle of 
the source voltage Kwith respect to the current/; i.e., it is the angle 
by which the source voltage leads the current from the diagram. 



Fig. 10.16 


V^-V c J(X L -X C ) x L -x c 
tan <p= —-- = 


« JR 


tan <p = 


V* 

coL - \fO)C 


R 


(phase angle of an L - R - C series circuit) (24) 


if the current is I - I co &0)t> then the source voltage v is 

. v = V cos(&>/ + $) (25) 

Figure 10.16 (b) shows the behavior of a circuit in which 
X L > X c . Figure 10.16 (c) shows the behavior when X L <X c \ the 
voltage phasor V lies on the opposite side of the current phasor 
1 and the voltage lags the current. In this case, X L -X C is negative, 
and is a negative angle between #and -90°. Since X L and X c 
depend on frequency, the phase angle ^depends on frequency as 
well. 

AU of the expressions that we have developed for an L-R-C 
series circuit are still valid if one of the circuit elements is 
missing. If the resistor is missing, we set R = 0; if the inductor is 
missing, we set L = 0, but if the capacitor is missing, we set 
C = o* corresponding to (he absence of any potential difference 
(v c = q!C = 0) or any capacitive reactance ( X c = McoC = 0). 

In this entire discussion, we have described magnitudes of 
voltages and currents in terms of their maximum values, i.e., the 
voltage and the current amplitudes. These quantities are usually 
described in terms of rms values, not amplitudes. For any 

sinusoidally varying quantity, the rms value is always 1/-s/2 times 
the amplitude. All the relationships between voltage and current 
that we have derived in this and the preceding sections are still 
valid if we use rms quantities throughout instead of amplitudes. 

For example, if we divide Eq. (22) by \[2 , we get 


•Ji = J2 Z 

Which we can rewrite as 
V -1 Z 

r rm$ i rms 


( 26 ) 
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. We can translate Eq. (7), (13)* and (19) in exactly the same way. 

Only those circuits have been considered in which an inductor, 
a resistor, and a capacitor arc in series. You can do a similar 
analysis for a parallel L-R-C circuit. 

Finally, we remark that in this section we have been describing 
the steady state condition of a circuit, the state that exists after the 
circuit has been connected to the source for a long time. When 
the source is first connected, there may be additional voltages 
and currents, called transients, whose nature depends on the time 
in the cycle when the circuit is initially completed. A detailed 
analysis of transients is beyond our scope. They always die out 
after a sufficiently long time and they do not affect the steady 
state behavior of the circuit. But they can cause dangerous and 
damaging surges in power lines, which is why delicate electronic 
systems such as computers are often provided with power-line 
surge protectors. 

A resistor and 1 H inductor are joined in 
series with an ac source of e.m.f. volt. Calculate the phase 
difference between V and /. 

Sol. L = 1 H, = 200 Cl, F = 10-72sin(200/) V 
Phase difference between V and / = <j>. 

, w tn 200 x 1 , , k 

tan(0) = coLfR =-= 1 tan (1) = — 

Y 200 4 

A lamp with a resistance of 8 W is connected to 
a choke coil as shown in Fig. 10.17. This arrangement is 
connected to an alternating source of 110 V. The current in 
the circuit is 11 A. The frequency of the ac is 60 Hz. Find 

i. the impendence of the circuit, and 

ii. the value of inductive reactance of the choke coil. 

Lamp 8 Cl Choke coil 

I—®- 

11 A ^ 110 V 

i-(H- 1 

ac source 

Fig. 10.17 

Sol. R = 0.8 Q, co = 2/rx 60 Hz. /= 1 A, V =f 110 V 

i. Impendence (Z) = \j(R) 2 + x£) = VII 

X = Inductive reactance, Z = 110/11 = 10 £2 

ii. Z 2 = R 2 + X£ 

10 2 = 8 2 + X^ or X L = ^(100-64) =^3 6 = 60, 

A resistor of 200 £2 and a capacitor of 
15.0 are connected in series to a 200 V, 50 Hz source, 
a Calculate the current in the circuit 
b. Calculate the voltage (rms) across the resistor and the 
inductor. Is the algebraic sum of these voltages more than 
the source voltage? If yes, resolve the paradox. 


Sol. Given:/?= 100A C= 15.0pF= 15.0x 10 " 6 F 
l/ nn?i = 200 V, v=450 Hz 

a In order to calculate the current, we need the impendance of 
the circuit. 


z= tJr 2 + x) = V /? 2 + (invcy 1 

= ^(200 fl ) 2 + (2 x 3.14 X 50 x 10 -6 F ) -2 

= =29 i .5 n 

Therefore, the current in the circuit is 


V 220 V 

. _ l rms _ v 

ms ~ Z 291.5 £2 


0.755 A 


h Since the current is the same throughout the circuit, 

V R = / ms R = (0.755 A) (200 £2) = 151 V 
V c = =(0.755 A) (212.3 £2) = 160.3 V 

The algebraic sum of the two voltages V R and V c is 311.3 V, 
which is more than the source voltage of 220 V. How to 
resolve this paradox? You may recall that the two voltages 
are not in the same phase. Therefore, they cannot be added 
like the ordinary numbers. The two voltages are out of phase 
by 90°. Therefore, the total of these voltages must be 
obtained using the Pythagoras theorem: 

V* + c =fiF+v! 


= V(164.6 V ) 2 + (174.7 V ) 2 = 220 V 

Thus, if the phase difference between two voltages is properly 
taken into account, the total voltage across the resistor and 
the inductor is equal to the voltage of the source. 


Exiimpldi0;i0 


In an LR series circuit, a sinusoidal V = V 0 


sin cot is applied. It is given that L = 35 mH, R = 11 £2, 


fi) 22 

v rms = 220 V, — = 50 Hz and n = — . Find the amplitude of 
In 7 

the current in steady state and obtain the phase difference 
between the current and the voltage. Also plot the variation 
of the current for one cycle on the given graph. 


Sol. Inductive reactance 

X L = coL = 2 /rx 50 x 35 x 10 -3 

= 2 x — x50x35x 10 " 3 =11 Cl 

n - ■ 
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impedance of circuit 

z= <Jr 2 + xI = Vi I 2 + 1 i 2 = i In /2 o 


Given V nm -220V 


Amplitude of voltage V 0 = 72 V nn!i = 220 75 V 
V 22075 

Amplitude of current /* = — =-=- = 20 A 

0 Z 1172 

Phase lag of current over voltage 

_i a)L 11 /lv 7t 

6- tan —■ = tan —- tan (1) = — 

Y R 11 4 

The voltage and the current variations are shown in Fig. 10.19. 


V I 

or 



Fig. 10.19 

The voltages and the current are expressed as V= 220 %/2 sin cot 
1 = 20sin|a/--^j 

In the series circuit of Fig. 10.20, suppose 
R = 300 n, L = 60 mH, C = 0.50 jxF, V = 50 V and 10,000 
rad/s. Find the reactances X L and the impedance Z, the 
current amplitude 1 , the phase angle fa and the voltage 
amplitude across each circuit element. 


■& 


=p c 

9 


L 

Fig. 10.20 

Sol. The inductive and capacitive reactances are 

X l =coL= (10,000 rad/s)(60 mH) = 600 ft 


X r = 


1 


coC (10,000 rad/s)(0.50 x 10' 6 F) 
The impedance Z of the circuit is 

Z= yjif+iXL-Xc) 2 


= 200 a 


= ^(300 ft) 2 + (600ft - 200ft) 2 = 500ft 


Willi source voltage amplitude V = 50 V the current amplitude 

3is( * J2 ^ = o.ioa 

Z 500 ft 

The phase angle 0is 

X L -X C 400ft coo 

<b= arctan — - -— = arctan-- 53 

r R 300ft 


The voltage amplitudes V* V L and V c across the resistor, 
inductor and capacitor, respectively, are 

V r =IR = (0.10 A)(300 Q) = 30 V 
V L = ix L = (0.10 A)(600 O) = 60 V 
V c = IX C =( 0.10 A)(200 £2) = 20 V 

Evaluate: Note that X L > X c and hence the voltage amplitude 
across the inductor is greater than that across the capacitor and (j> 
is negative. The value $=- 53° means that the voltage leads the 
current by 53°; this is like the situation shown in Fig. 10.21. 

Note that the source voltage amplitude V = 50 V is not equal to 
the sum of the voltage amplitude across the separate circuit 
elements. (That is, 50 V * 30 V + 60 V + 0 V). 



For the L-R-C-series circuit described in 
Example 10.11, describe the time dependence of the 
instantaneous current and each instantaneous voltage. 

SoL In Example 10.11, we found the amplitude of the current and 
voltages. Now we have to find the expressions for the 
instantaneous values of the current and voltages. As we learned, 
the voltage across a resistor is in phase with the current but the 
voltages across an inductor or capacitor are not. We also learned 
in this section that $ is the phase angle between the source voltage 
and the current. 

The current and all the voltages oscillate with the same angular 
frequency, co = 10,000 rad/s and hence with the same period, 
nf&=2 ;z/( 10000 rad/s) = 6.3 x 10“ 4 s = 0.63 rms. 

Using Eq. (2), the current is 

i = 7cosa>/ = (0.10A)cos(10,000rad/s)r 
This choice simply means that we choose t - 0 to be an instant 
when the current is maximum. The resistor voltage is in phase 
with the current, so 

v R = V R cos cot = (30 V) cos( 10,000 rad/s)/ 

The inductor voltage leads the current by 90°, so 
v L = V L co s(Q)t +■ 90°) = -V L sin cor 
= - (60 V)sin( 10,000 rad/s) / 
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The capacitor voltage lags the current by 90°, so 
v c = V c cos( cot - 90°) = V r sin cot 


= (20 V) sin(l 0,000 rad/s) f 

Finally, the source voltage (equal to the voltage across the 
entire combination of resistor, inductor, and capacitor) leads the 
current by 53°, so 

y- Vcos(cor + <p) 


= (50 V) cos 


(10,000 rad/s)/ 



= (50 V) cos[( 10,000 rad/s)r + 0.93 rad] 


POWER IN ALTERNATING-CURRENT 
CIRCUITS 

Alternating currents play a central role in the system for 
distributing, converting, and using electrical energy, so it is 
important to look at power relationships in ac circuits. For an ac 
circuit with instantaneous current /and current amplitude/, we 
will consider an element of that circuit across which the 
instantaneous potential difference is v with voltage amplitude V. 
The instantaneous power p delivered to this circuit element is 
P- w 

Let us first see what this means for individual circuit elements. 
We will assume in each case that I = Z coscot. 

POWER IN A RESISTOR 

First suppose that the circuit element is a pure resistor /?, as in 
Fig. 10.22 (a); then v = and / are in phase. We obtain the graph 
representing p by multiplying the heights of the graphs of v and / 
in Fig. 10.22 (b) at each instant. This graph is shown by the back 
curve in Fig. 10.22 (c). The product vi is always positive because 
v and i are always either both positive or both negative. Hence 
the energy is supplied to the resistor at every instant for both 
directions of /, although the power is not constant. 



The power curve for a pure resistor is symmetrical about a 
value equal to one-half its maximum value V/, so the average 
power P^js 


P ffv = -V! (for a pure resistor) 


(27) 


An equivalent expression is 

p = v 

w 72 72 ' 

Also, V [to = Z^R, so we can express P av by any of the equivalent 


rmAis ( for a P ure resistor) (28) 


forms 


V 2 

p _ r2 n mu _ w r 

r nv i mvl A r v mw / ms 

(for a pure resistor) (29) 
Note that the expressions in Eq. (29) have the same from as the 
corresponding relationships for a dc circuit, Eq. (18). Also note 
that they are valid only for pure resistors, not for more 
complicated combinations of circuit elements. 


POWER IN A GENERAL AC CIRCUIT 

If any ac circuit, with any combination of resistors, capacitors, 
and inductors, the voltage v across the entire circuit has some 
phase angle $ with respect to the current i. Then the 
instantaneous power p is given by 

p = vi = [ V cos {cot + $)[lcoscot) (30) 

The instantaneous power curve has the form shown in 
Fig. 10.23. The area between the positive loops and the horizontal 
axis is greater than the area between the negative loops and the 
horizontal axis, and the average power is positive. 



Fig. 10.23 


Wc can derive from Eq. (30) an expression for average power 
by using the identity for the cosine of the sum of the two 
angles. 

p = [ V(cos cot costp - sin cot sin$] [/cos*y/] 

= VI cos$ cos 2 cot - VI sin^coszw sin^yr 
Wc see that the average value of cos^ cot (over one cycle) is 
1 /2. The average value of coscot sintf)/ is zero because this 
product is equal to I /2(sin 2 cot ), whose average over a cycle is 
zero. So the average power is 

^y=^/COSjD = V m)s / mls COS^ 

(average power into a general ac circuit) (31) 
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where v and / are in phase, tj> - 0, the average power equals 

- VI - when v and i are 90° out of phase, the average 

power is zero in the general case, when v has a phase angle 0 with 



the component of the voltage phasor that is in phase with the 
current phasor. Figure 10-24 (a) shows the general relationship of 
the current and voltage phasors. For the L-R-C series circuit, 
Figs. 10.24 (b) and (c) show the V cos^ equals the voltage 
amplitude V R for the resistor; hence equation 30 is the average 
power dissipated in the resistor On averaged there is no energy 
flow into or out of the inductor or capacitor, so none of P nv goes 
into either of these circuit elements. 




(a) (b) 



Fig. 10.24 


The factor cos <p is called the power factor of the circuit. For a 
pure resistance, <j> 0, cos <p - 1 and P av = V ms / rms . For a pure 
inductor or capacitor, 0= ± 90°, cos^ = 0 and P av = 0. For an 
L-R-C -series circuit the power factor is equal to RIZ . 

A low power factor (larger angle ^of lag or lead) is usually 
undesirable in power circuits. The reason is that for a given 
potential difference, a large current is needed to supply a given 
amount of power. This results in large i 2 R losses in a client with a 
low power factor. Many types of ac machinery draw a logging 
current; i.e., the current drawn by the machinery lags the applied 
voltage. Hence the voltage leads the current, so 0 and cos^< 1. 
The power factor can be corrected towards the ideal value of 1 by 
connecting a capacitor in parallel with the load. The current 
drawn by the capacitors leads the voltage (i.e., the voltage across 
the capacitor lags the current), which compensates for the lagging 
current in the other branch of the circuit. The capacitor itself 
absorbs no net power from the line. 


CHOKE COIL 

In a dc circuit, current is reduced by means of a rheostat 
(resistance). This results in a loss of electrical energy I 2 R per 


second as heat in the resistance, The current in an ac circuit can 
however be reduced by means of a device which involves very 
small amount of loss of energy, This device is called 'choke coil ' 
or ballast and consists of a copper coil wound over a soft iron 
laminated core. This coil is to be reduced. As this circuit Is a L-R 
circuit, the current in the circuit, 

1= | with Z=-y/(fl + r) 2 +(fi>L) 2 

ffefrftfrW 


D Starter 



Fig. 10.25 


So due to large inductance, L , of the coil, the current in the 
circuit is decreased appreciably. However, due to small resistance 
of the coil r, the power loss in the choke, 

fr,v = V^/^COS^O 


as 


COS0 = 


r _ r 
z sjr 2 + a) 1 ]} 



CIRCUIT BEHAVIOR AT RESONANCE 


As we vary the angular frequency fi>of the source, the current 
amplitude l = VIZ varies as shown in Fig. 10.26 the maximum value 
of l occurs at the frequency at which the impedance 2 is minimum. 
This peaking of the current amplitude at a certain frequency is 
called resonance. The angular frequency o) 0 at which the resonance 
peak occurs is called the resonance angular frequency. This is the 
angular frequency at which the inductive and capacitive 
reactances are equal, so at resonance. 



X L — %C ^0 ^ — 


1 

0) Q C 


a>o = 


1 

■Jlc 


(LrR-C series circuit at resonance) (32) 


Note that this is equal to the natural angular frequency of the 
oscillation of an L-C circuit, which we derived in 
Eq. (22). The resonance frequency/ 0 is This is the 

frequency at which the greatest current appears in the circuit for 
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a given source voltage amplitude; in other words, f Q is the 
frequency in which the circuit is ‘'turned”. 

It is instructive to look at what happens to the voltages in an 
L-R-C series circuit at resonance. The current at any instant is the 
same in L and C . The voltage across an inductor always leads the 

current by 90°, or — cycle; and the voltage across the capacitor 
4 

always lags the current by 90°. Therefore, the instantaneous 
voltages across L and C always differ in phase by 180°, or 



frequency, and only at the resonance frequency, X L = X c and the 
voltage amplitudes V L = IX L and V c = IX C are equal. Then the 
instantaneous voltages across Land C add to zero at each instant, 
and the to*al voltage v hc{ across the L-C combination is exactly 
zero. The voltage across the resistor is then equal to the source 
voltage, So at the resonance frequency the circuit behaves as if 
the inductor and the capacitor were not there at all! 

The phase of the voltage relative to the current is given by 
Eq. (24). At frequencies below resonance, X c is greater than X L ; 
the capacitive reactance dominates, the voltage lags the current, 
and the phase angle 0is between 0 and -90°. Above resonance, the 
inductive reactance dominates; the voltage leads the current and 
the phase angle is between 0 and + 90°. This variation of 0 with 
angular frequency is shown . 

TRANSFORMERS 

One of the great advantages of ac over dc for electric-power 
distribution is that it is much easier to step voltage levels up and 
down with ac than with dc. For a long distance power transmission, 
it is desirable to use as high a voltage and as small a current as 
possible; this reduces i 2 R losses in the transmission lines, and as 
smaller wires can be used, it saves material costs. Present day 
transmission lines routinely operate atrms voltages of.the order 
of 500 kV. On the other hand, safety considerations and insulation 
requirements dictate relatively low voltages in generating 
equipment and in household and industrial power distribution. 
The standard voltage for household wiring is 120 V in the United 
States and Canada and 240 V in many other countries. The 
necessary voltage conservation is accomplished by the use of 
transformers. 


HOW TRANSFORMERS WORK 


The circuit symbol for a transformer with an iron core, such as 
those used in power distribution system is shown in Fig. 10.27, 



Fig. 10.27 


Here it is how a transformer works. The ac source causes an 
alternating current in the primary, which sets up an alternating flux 
in the core. This induces an emf in each winding, in accordance 
with the Faraday's law. The induced e.m.f, in the secondary gives 
rise to an alternating current in the secondary, and this delivers 
energy to the device to which the secondary is connected. All the 
currents and e.m.f.s have the same frequency as the ac source. 

Let us see how the voltage across the secondary can be made 
larger or smaller in amplitude than the voltage across the primary. 
We neglect the resistance of the windings and assume that all the 
magnetic field lines are confined to the iron core, so at any instant 
the magnetic flux is the same in each turn of the primary and 
secondary windings. The primary winding has N | turns and the 
secondary winding has N 2 turns. When the magnetic flux changes 
because of the changing currents in the two coils, the resulting 
induced e.m.f.s are 




d<t>* 


dt 


and £ 2 = ~ N 2 


d** 

dt 


(33) 


The flux per turn F B is the same in both the primary and the 
secondary, so Eq. (33) shows that the induced e.m.f. per turn is 
the same in each. The ratio of the secondary to rhe primary 
e.m.f. £| is therefore equal at any instant to the ratio of secondary 
toprimary turns 


£2 

3 


N, 


(34) 


Since and ^ both oscillate with the same frequency as the 
ac source, Eq. (33) also gives the ratio of the amplitudes or of the 
mis values of the induced e.m.f.s. If the windings have zero 
resistance, the induced e.m.f.s £ { and are equal to the terminal 
voltages across the primary and the secondary, respectively; 
hence 


V { N } 


(35) 


(terminal voltages of transformer, primary and secondary) 


Figure 10.27 shows an idealized transformer. The key components 
of the transformer are two coils or windings, electrically insulted 
from each other but wound on the same core. The core is typically 
made of a material, such as iron, with a very large relative 
permeability K m . This keeps the magnetic Field lines due to a 
current in one winding almost completely within the core. Hence 
almost all of these field lines pass through the other winding, 
maximizing the mutual inductance of the two windings. The 
winding to which power is supplied is called the primary; the 
winding from which power is delivered is called the secondary. 
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where V, and V 2 are either the amplitudes or the rms values of the 
terminal voltages. By choosing the appropriate turns ratio 
N- 2 /N {l we may obtain any desired secondary voltage from a given 
primary voltage. I f N 2 > N }f then V 2 > V, and we have a step-up 
transformer; if N 2 < Af, then V 2 < and we have . step-down 


transformer. At a power generating station, step-up transformer is 
used. The primary is connected to the power source and the 
secondary is connected to the transmission lines* giving the 
desired high voltage for transmission. Near the consumer, step- 
down transformers lowers the voltage to a value suitable for use 
in homes or industry. 


EXERCISES 


Subjective Type 


Solutions on page JQ.27 


1. Find the rms and the average values of the saw tooth wave¬ 
form shown in Fig. 10.29. 
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Fig. 10.29 

2, Calculate the rms and the average value of the voltage wave 
shown in Fig. 10.30. 


2 



t (ms) 

Fig. 10.30 


3. An inductor 20 x 10“** H, a capacitor 100 pF, and a resistor 
50 Cl are connected in scries across a source of e.m.f. V 
= 10 sin314r. Find the energy dissipated in the circuit in 20 
min. If the resistance is removed from the circuit and the 
value of inductance is doubled, then find the variation of 
cunrcnt with time in the new circuit. 

4. Find the average value of current shown graphically in 
Fig. 10.31, from/-0tor = 2s. 


i 



5. Find the average value of current (see Fig. 10.32) from/ = 0lo 


2 71 

t- — if the current varies as/ = A.,sinrt>/. 
0) 



6. Show graphically that the average of sinusoidally varying 
current in half cycle may or may not be zero. 

7. Find the average value of current / = /,„ sin tyrfrom i./=0to 

k n Ztz 

t = — and n. / = — tor = —. 
o) 2co 2o> 


8. Current in an ac circuit is given by i - 2%/2 sin(;r/ + n! 4). 
Then find the average value of current during time / = 0 to 
t- Is. 

9. Find the rms value of current i = l m $\nooi from i. t = 0 to 

7i n 2 tz 

t = — and n. / = — to / = —. 

a) 2(0 loo 

10. Find the effective value of current /' = 2 sinlOO^r + 2 cos 
(100 Ttt + 30°). 

11. When a voltage v, = sin(tf>/ + 15°) is applied to an uc circuit* 
the current in the circuit is found to be = 2 si r\{cot + ttIA), 
Find the average power consumed in the circuit^. 

12. An alternating voltage £ = 200%/2 sin( 100 /) V is connected 
to a 1 pF capacitor through an ac ammeter (it reads rms 
value). What will be the reading of the ammeter'? 

13. in an RC series circuit (.sec Fig. 10.33)* the rms voltage <>r 
source is 200 V and its frequency is 50Hz. If R= 100Omul 


C = — nF.find 
7t 


220 V 50 HZ 

-HHWVV- 

C R 


Fig. 10.33 

i. Impedanccofihecirom, 

ii. Power factor angle* 

iii. Power factor* 

Iv. Current, 

v. Maximum current, 
vL Voltage across R< 
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vii. Voltage across C, 

viii. Max voltage across R , 

ix. Max voltage across C t 

x. <P>> 

xi. < / ) A >, and 

xii. <F C >. 

14. In the question 13 if v s (t) = 22oV2sin(2# 50 t)> fiucJ 

a. /(/),b. v^and c. v c (t) 

15. An ac source of angular frequency tf>is fed across a resistor 
R and a capacitor C in scries. The current registered is /. If 
now the frequency of source is changed to coi 3 (but 
maintaining the same voltage), the current in the circuit is 
found to be halved. Calculate the ratio of the reactance to 
resistance at the original frequency O), 

9 

16. A —H inductor and a 12 Cl resistance are connected in 

100# 

series to a 225 V, 50 Hz ac source. Calculate the current in 
the circuit and the phase angle between the current and the 
source voltage, 

17. When an inductor coil is connected to an ideal battery of 
e,m,f. 10 V, a constant current 2.5 A flows. When the same 
inductor coil is connected to an ac source of 10 V and 50 Hz 
then the current is 2 A. Find out the inductance of the coil. 

18. A bulb is rated at 100 V, 100 W. It can be treated as a resistor. 
Find out the inductance of an inductor (called choke coil) 
that should be connected in series with the bulb to operate 
the bulb at its rated power with the help of an ac source of 
200 V and 50 Hz, 

19. A choke coil is needed to operate an arc lamp at 160 V (rms) 
and 50 Hz. The arc lamp has an effective resistance of 5 Q 
when running of 10 A (rms). Calculate the inductance of the 
choke coih If the same arc lamp is to be operated on 160 V 
(dc), what additional resistance is required? Compare the 
power losses in both the cases. 



Solutions on page 10.3) 


1. The circuit given in Fig. 10,34 has a resistanceless chock coil 
L and a resistance R. The voltage across R and L are given in 
Fig. 10.34, The virtual value of the applied voltage is. 


-^AM/V-r- 

: ! 

■ i 

i \ 

< i 

-T5TP—n 
l i 

p 

■ 

■ 

^ i 

' ’ 120 V ' ' ' 

160 V 



ACsoitnce 

Fig. 10.34 


a. 100V h 200V c. 300V d. 400V 

2. A series R, L , C circuit is shown in Fig. 10.35, The source 
frequency /varies, but the current is kept unchanged. Which 
of the curves showing changes of V c and V L are valid for the 
circuit under consideration? 







3. Two sinusoidal voltage of the same frequency are shown in 
Fig. 10.36. 



What is the frequency and the phase relationship between 
the voltage? 

frequency/Hz phase lead of N 

N over A//rad 


a. 0.4 


# 

4 


b. 2.5 


# 

2 


c. 2.5 



d. 2.5 


n_ 

4 


4. Figure 10.37 shows an iron-cored transformer assumed to be 
100% efficient. The ratio of the secondary turns to the 
primary (urns is 1:20. 
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Fig, 10.37 

A 240 V ac supply is connected to the primary coil and a 
6.0 Cl resistor is connected to the secondary coil. What is 
the current in the primary coil? 

a. 0,10 A b. 0.14 A 

c. 2.0 A d. 40 A 

5. In the series LCR circuit (Fig. 10.38), the voltmeter and 
ammeter readings are: 


400 v 400 v 



a. V=100V 1 /=2A hi V=100V,/ = 5A 

c. V= 1000 V, 7 = 2 A d. V = 300 V, / = 1 A 

6. An LCR circuit contains resistance of 100 Cl and a supple of 
200 V at 300 radian angular frequency. If only capacitance is 
taken out from the circuit and the rest of the circuit is joined, 
current lags behind the voltage by 60 6 . If on the other hand, 
only inductor is taken out the current leads by 60° with the 
applied voltage. The current flowing in ihe circuit is 

a. 1 A b. 1.5 A 

c. 2A d. 2.5A 

7. The rms value of an AC of 50 Hz is 10 A. The time taken by 
an alternating current in reaching from zero to maximum 
value and the peak value will be 

a. 2x I0" 2 s and 14.14 A 

b. 1 x 10~ 2 s and 7.07 A 

c. 5 x 10 -2 s and 7.07 A 

d. 5 x 10^ 2 s and 14.14 A 

8. The peak value of an alternating emf E given by 

E= E 0 cosm 

is 10 V and frequency is 50 Hz. At time t - (1/600) s, the 
instantaneous value of e.m.f, is 

a. 10 V b. sS 

c. 5 V d. 1 V 

9. A coil has an inductance of 0.7 Hand is joined in series with 
a resistance of 220^1 When an alternating e.m.f. of220 V at 
50 cps is applied to it, then the wattless component of the 
current in the circuit is 

a. 5 A b. 0.5 A 

c. 0.7 A d. 7 A 

10. A group of electric lamps having a total power rating 
of 1000 W is supplied by an AC voltage E 
= 200 sin (310r-f60 o ) 


Then the rms value of the electric current is 
a. 10 A h K>V2 A 

C.20A d 20-72 A 

11- When 100 V dc is applied across a solenoid, a current of 
1.0 A flows in it. When 100 V ac is applied across the same 
coil, the current drops to 0.5 A. If the frequency of the ac 
source is 50 Hz the impedance and inductance of the 
solenoid are 

a. 200 a and 0.55 H hi 100D and 0.86 H 

c. 200Qand 1.0H d 100and0^93H 

12. An inductive coil and resistance of 100 Cl. When an ac signal 

of frequency 1000 Hz is freed to the coil, the applied voltage 
leads the current by 45°. What is the inductance of the coil? 
a. 2mH h 3.3mH 

c. 16mH d V5mH 

13. In the circuit shown in Fig. 10.39, what will be the reading of 
the voltmeter V 3 and ammeter A ? 

L C tf = L00^ 



a. 800V,2A h 300V,2A 

c. 220V,2.2A d 100V,2A 

14. In the circuit shown in Fig. 10.40, R is a pure resistor, L is an 
inductor of negligible resistance (as compared to R)> S is 
a 100 V, 50 Hz AC source of negligible resistance. With either 
key K } alone or K 2 alone closed, the current, is 7 0 . If the 
source is changed to 100 V, 100 Hz the current with K y alone 
closed and with K 2 alone closed will be respectively. 



c.2 / 0 ,/ 0 d- 2/ 0) — 

15. For the circuit shown in Fig. 10.41 the ammeter A 2 reads 
1.6 A and ammeter A 3 reads 0.4 A. Then 
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—@~ 


—©■ 
Fig. 10.41 


a. co 0 = 


4 

Vic 


b f 2 = 


2n 

-Jlc 


c the ammeter A { reads 1.2 A 
d the ammeter At reads 2A. 

16. In the circuit shown in Fig. 10.42. The rims currents /j, 
7, and 7 3 are altered by varying the frequency / of the 
oscillator. The output voltage of the oscillator remains 
sinusoidal and has a fixed amplitude. 


h h 



Which curves in figure Indicate correctly the variation with 
frequency of the current 7 b 7 2 , and 7 3 ? 


h h h 

a. Q Q Q 

b R Q Q 

c. Q P R 

& Q R P 

17. Two resistors are connected in a series across 5 V rms source 
of alternating potential. The potential difference across 6 Ck 
resistor is 3 V nr if R js replaced by a pure inductor L of such 
magnitude that current remains same, then the potential 
difference across L is 
L 

i—nfirmir—i 



a IV b 2V 

c. 3V d 4V 

18. In the circuit shown in Fig. 10.44, if both the bulbs B x and B 2 
are identical 



Fig. 10.44 


a their brightness will be the same 
b B 2 will be brighter than F, 
c. as frequency and that of B 2 will decrease 
d only Z? 2 will glow because the capacitor has infinite 
impedance 

19. A rigid conducting wire bent as shaped is released to fall 
freely in a horizontal magnetic field which is perpendicular 
to the plane of the conductor If the magnetic field strength 
is B then the emf induced across the points A and C when it 
has fallen through a distance h will be 

XXX XXX 



a Befigii h Btyfgh 

c. 2 Bt^gh d. 2 Btfigh 

20. Figure 10.46 shows a source of alternating voltage 
connected to a capacitor and a resistor. Which of the 
following phasor diagrams correctly describes the phase 
relationship between the current between the source and 
the capacitor, and the current in the resistor? 



o 


Fig. 10.46 
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21. A sinusoidal alternating current of peak value / 0 passes 
through a heater of resistance R. What is the mean power 
output of the heater? 


i 2 2 r 


c./, 


2 R 


d. 


2 

yflljR 


22. Power factor is one for 

a. pure resistor b. pure inductor 

c, pure capacitor 

d. cither an inductor or a capacitor. 

23. A resistance of 20 ft is connected to a source of an 

alternating poicntial V = 220sin(100 nt). The time taken by 
the current to change from the peak value to rms value, is 
a. 0-2 s b. 0.25 s 

c. 2.5xI0‘ s s d. 2.5x1 O’ 3 s 

24. In LCR circuit current resonant frequency is 600 Hz and 
half power points are at 650 and 550 Hz. The quality factor is 


a. 


c. 


_1 

6 

6 



cL 3 


25. An ac voltage is represented by 


E= 220 72 cos (50*)/ 


How many times will the cunreni become zero in 1 s? 
a. 50 times b. 100 times 

c. 30 times d 25 times 

26. A resistor and an inductor are connected to an ac supply of 
120 volt and 50 Hz. The current in the circuit is 3 A. If the 
power consumed in the circuit is 108 W, then the resistance 
in the circuit is 

a. 12 ft b. 40 ft 

c. 7(52x28) a d. 360 Cl 

27. An ac ammeter is used to measure current in a circuit. When 
a given direct current passes through the circuit, the ac 
ammeter reads 3 A. When another alternating current passes 
through the circuit, the ac ammeter reads 4 A. Then the 
reading of this ammeter, if dc and ac flow through the circuit 
simultaneously, is 

a. 3 A b. 4A ‘ 

c. 7 A d. 5 A 

28. A transmitter transmits at a wavelength of 300 m. A 
condenser of capacitance 2.4 is being used. The value of 
the inductance for the resonant circuit is approximately 

a. 10^H b. tO^H 

c. I0~*H b. IO“ ,0 H 

29. A capacitor of capacitance 1 jiF is charged to a potential of 
1 V/It is connected in parallel to an inductor of inductance 
10“ 3 H. The maximum current that will flow in the circuit 
has the value 

a. Vi 000 mA b. J mA 

c. 1 jllA d. 1000 mA 

30. Using an ac voltmeter* the potential difference in the 
electrical line in a house is read lb be 234 V. If the line 
frequency is known to be 50 cycles/second, the equation for 
the line voltage is 


a. V= 165 sin (100 m) 

U l/= 331 sin (100 m) 
c. V=220sin(10D;n) 
d V —440 sin (100 ffi) 

31. An inductance and a resistance are connected in series with 
an ac potential. In this circuit 

a. The cunrent and the p.d. across the resistance lead the 
p.d. across the inductance 

h The current and the p.d. across the resistance lag behind 
the p.d. across the inductance by an angle nfl 
c. The current and the p.d. across the resistance lag behind 
the p.d. across the inductance by an angle k 
d The p.d. across the resistance lags behind the p.d. across 
the inductance by an angle nil butthecument in resistance 
leads the p.d. across ihe inductance by nil 

32. A resistor and a capacitor are connected to an ac supply of 
200 V, 50 Hz in series. The current in the circuit is 
2 A. If the power consumed in the circuit is 100 watt, then the 
resistance in the circuit is 

a. 100 ft h 25ft 

c. 7'25 x75 a d 4000 

33. In the Q. 32, the capacitive reactance in the circuit is 

a. 100a b 25 £2 

c. 7'25x75 £2 d 4000 

34. In the Q. 32, the capacitance in the circuit is 


a. 


too 

-F 

100-7T 


V 125x75 

--F 

IQOz 


25 

h -F 

100 # 


100*7125 x 75 


35. In a series LCR circuit the voltage across the resistance, 
capacitance and inductance is 10 V each. If thecapacitance 
is short circuited, the voltage across the inductance will be 


sl 10 V h 10V 

c. (10/3)V d 20V 

36. An ideal choke lakes a current of 10 A when connected to an 
ac supply of (25 V and 50 Hz. A pure resistor under the same 
conditionstakesacurrentof 12.5 A. If the two are connected 
to an ac supply oflOO V and 40 Hz, then the current in series 
combination of above resistor and inductor is 

a. 10A b \25A 

c. 20 A d 25A 

37. A direct current of 5 A is superimposed on an alternating 
current / =10 sintf?/ flowing through a wire. The effective 
value of the resulting current will be 


a. (15/2)A b.5SA 

c. 575 A d 15 A 

38. An Ideal choke takes a current of 8 A when connected to an 
ac supply of 100 V and 50 Hz. A pu re resistor under the same 
conditions takes a current of 10 A. If the two are connected 
to an ac supply of 150 V and 40 Hz, then the current in a 
series combination of the above resistor and inductor is 
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a. 10A h 8 A 

c 18A d (15/72)A 

39. In the Q.38, the total current through a parallel combination 
of the resistor and the inductor when connected to an ac 
supply of 150 V and 40 Hz is 

a. 15 A b. 30 A 

c. zero A d 15/72 A 

40. In the circuit of Fig. 10.47 the (#/) volt with #= 2000 rad/s. 
The amplitude of the current will be nearest to 


20 v, o. i n 

— 0 — 


5 mH,4 Q 

-nru^- 


sn 

-AAM- 


JOpF 


Fig. 10.47 

a 2 A 1x3.3 A 

c. 2/75 A d. 75 A 

41. An rms voltage of 110 V is applied across a series circuit 
having a resistance 11 Qand an impedance 22 Q. The power 
consumed is 

a. 275 W b. 366 W 

c. 550 W dL 1100 W 

42. In the given circuit in Fig. 10.48,1^ = 50 V and/? = 50^. The 


values of C and V R are 


c 

r. 

k 110V 
'y 60 Hz 

R = S0& < 


> 


Y c = $ ov 


Fig. 10.48 


a. 3.3mF,60V b 3.3^F,98V 

c. 1.6 pF, 30 V d. 2 pF, 60 V 

43. A220-V, 50 Hz ac generator is connected to an inductor and 
a 50 Q resistance in series. The current in the circuit is 1.0 A. 
What is pd across inductor? 

a. 102.2 V b. 186,4 V 

c. 213.6 V d 302 V 

44. An 8 (jlF capacitor is connected across 220 V, 50 Hz line. 
What is the peak value of charge through the capacitor? 

a. 2.5 x 1CT 3 c b. 2.5 x 1CT 4 C 

c. 5x 1CT S C d 7.5 x (O' 2 C 

45. A dc ammeter and a hot wire ammeter are connected to a 
circuit in series. When a direct current is passed through 
circuit, the dc ammeter shows 6 A. When ac current flows 
through circuit, the ac ammeter shows 8 A, What will be 
reading of each ammeter, if dc and ac currents flow 
Simultaneously through the circuit? 

a. dc = 6 A, ac = 10 A 

b. dc = 3 A, ac = 5 A 

c. dc = 5 A, ac = 8 A 

d. dc = 2 A, ac = 3 A 


46. A coil has an inductance of 0.7 H and is joined in series with 
a resistance of 220 Q. When the ac emf of 220 V is applied to 
it, find (he wattless component of current in the circuit. 

a. 0.2 A b. 0.4 A 

c. 0.5 A d. 0.7 A 

47. An ac is given by equation I = 7,co$#/ + / 2 sin#/. The rms 
value of current is given by; 


48. A typical light dimmer used to dim the stage lights in a 
theatre consists of a variable induction for L (where 
inductance is adjustable between zero and connected 
in series with a light bulb B as shown in Fig. 10.49. The mains 
electrical supply is 220 V at 50 Hz, the light bulb is rated at 
220 V, HOO W. What is required if the rate of energy 
dissipated iu the light bulb is to be varied by a factor of 5 
from its upper limit of 1100 W? 



io meins 


(A + ijY 

72 

il+l} 




Fig. 10.49 

a. 0.69 H h 0.28 H 

c. 0.38 H d. 0.56 H 

49. A coil has an inductance of 0.7 H and is joined in series with 
a resistance of220 £1 When an alternating e.m.f. of220 V at 
50 cps. is applied to it, then the wattless component of the 
current in the circuit is 

a. 5 A b. 0.5 A 

c. 0.7 A d. 7 A 

50. Two alternating voltage generators produce e.m.f.s of the 
same amplitude E 0 but with a phase difference of ft! 3. The 
resultant emf is 

a. E 0 sin(#/ + #/3) b. E 0 sin(#/ + ;r/6) 

c. V3 sin(n>/ + nI6) d. 73 £’ 0 sin(#/-h^/2) 

51. For the circuit shown in Fig. 10.50, current in inductance is 
0.8 A while in capacitance is 0.6 A. What is the current 
drawn from the source? 



Fig. 10.50 
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a. 0.1 A h 0.3 A 

c. 0.6 A d 0.2A 

52, If a direct current of value a ampere is superimposed on an 
alternative current l=l> sin (Or flowing through a wire, what 
is the effective value of the resulting current in the circuit? 





h [a 2 + i 2 ] l/2 


-1/2 

2 1,2 
a + -b 

d 


2 J 


■+r 


53. Determine the rms value of a semi-circular current wave 
which has a maximum value of a. 



a. (1 /yfl)a b. 7(3/2) a 

C. 7(2/3 )a d (l/73)a 

54. An alternating voltage £ = 200 75 sin( 100 r) V is connected 
to a 1 mF capacitor through an ac ammeter. What will be the 
reading of the ammeter? 

a 40 mA h 20 mA 

c. 30 mA d 10/72 mA 

55, Which voltineter will give zero reading at resonance? 


L 



56. A 50 W, 100 V lamp is to be connected to an ac mains of 200 
V, 50 Hz. What capacitor is essential to be put in series with 


the lamp ? 


25 „ 

50 ^ 


11 ^ 

50 ,, 

J 100 „ 

e. -7 uF 

7 ?. ‘ 

d W5“ F 


57. A capacitor of 10 mF and an inductor of t H are joined in 
series. An ac of 50 Hz is applied to this combination. What is 
the impedance of the combination? 

& 28/;rft h 14 inCi 

c. \0ItzC1 d 201 ltd 

58. If i { =3 sinter and ; 2 = 4 costot, then / 3 is 


n 




h 


Fig. 10.53 


a. 5sin(a>/+53 6 ) b 5sin(fi)r + 37°) - 

c. 5sin(tftf + 45°) d 5sin(<2>r+53°) 


59. An alternating e.m.f of angular frequency 



is 


applied to a series in LCR circuit. For this frequency of the 
applied e.m.f. 

a. The circuit is at ‘resonance* 

h The current in the circuit is in phase with the applied 
e.m.f. and the voltage across R equals this applied e.m.f 
potential differences 

c. The sum of the potential difference across the inductance 
and capacitance equals the applied e.m.f. which is 180° 
ahead of phase of the current in the circuit 
d Impedance of the circuit is less than R 

60. An LCR series circuit with J00 ft resistance is connected to 
an ac source of 200 V and an angular frequency 300 radians 
per second. When only the capacitance is removed, the 
current lags behind the voltage of 60°. When only the 
inductance is removed, the current leads the voltage by 60°. 
Then the current and power dissipated in LCR circuit are, 
respectively 

a 1A.200V b IA.400V 

C. 2A.200V d 2A,400 V 

61. When an AC source of e.m.f. e = £ 0 sin (I00r) is connected 
across a circuit, the phase difference between the e.m.f. e 
and the current / in the circuit is observed to be n! 4 as 
shown in Fig. 1 0.54. If the circuit consists possibly only of 
R-C or R-C or L-C scries, find the relationship between the 
two elements. 



a R= I kQ, C= lOpF b tf=lkQ,C=i pF 

c. R- \ L = 10 H d = 1 kQ,L= 1 H 

62. A bulb is rated at 100 V, 100 W, and it can be treated os a 
resistor. Find out the inductance of an inductor (called choke 
coil) that should be connected in series with the bulb to 
operate the bulb m its rated power with the help of an ac 
source of 200 V nad 50 Hz. 
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7Z 

a 

75 

41 

c. — H 


. b IOOH 



k n 

63. An ac source of angular frequency co is fed across a resistor 
R and a capacitor C in series. The current registered is L 
If now the frequency of source is changed to co/2 (but 
maintaining the same voltage), the current in the circuit is 
found to be halved. Then the ratio of reactance to resistance 
at the original frequency to is 


a. 7575 b. 7575 

c. 7575 d. 75/5 

64. In ac circuit the potential differences across an inductance 
and resistance joined in series are respectively 16 V and 
20 V, The total potential difference across the circuit is 

a. 20 V b. 25.6 V 

c. 31.9 V cl. 53.5 V 


65. Current in an ac circuit is given by / = 3 sin#)/ + 4 cos cot, 
then 

a, rms value of current is 5 A. 

b» mean value of this current in one half period will be 6 In. 

c. if voltage applied is V iW sin cu/then the circuit must be 
containing resistance and capacitance. 

d. if voltage applied is V- V m sin cot, the circuit may contain 
resistance and inductance. 

66. A current source sends a current / = / 0 cos(fiw). When 
connected across an unknown load gives a voltage output 
of* v = v 0 sin(d)r + ni 4) across (hat load. Then the voltage 
across (he current source may be brought in phase with the 
current through it by 



Fig. 10.55 


a. connecting an inductor in series with the load 
b connecting a capacitor in scries with the load 
c. connecting an inductor in parallel with the load 
d connecting a capacitor in parallel with the load 

67. InthecircuitshowninFig. 10.56, X c = 100 £2*^ = 200 0 and 
/?= 100 Q. The effective current through the source is 



Fig. 10-56 


a. 2 A 1x 275a 

c. 0.5 A d. ToTT A 

68. If ihe readings of v, and v 2 are 100 V each, the reading of 

v .\ i s 


L R c 


/WVVvVV 

-©-L©- 


Hl-r 

©- 


200 V, 50Hz 


Fig. 10.57 


a. 0 V h 100 V 

c. 200 V 

d cannot be determined by given Information. 

69. For an LCR series circuit with an ac source of angular 
frequency co, 

a. circuit will be capacitive if 0) > 

b circuit will be inductive if co = 

c. power factor of circuit will be unity if capacitive reactance 
equals inductive reactance 

d current will he leading voltage is CO > 

70. The value of current in two series LCR circuits at resonance 
is same. When connected across a sinusoidal voltage source. 
Then 

a. both circuits must be having same value of capacitance 
and inductor 

b in both circuits ratio of L and C will be same 

c. for both the circuits X L /X C must be same at that frequency 

d both circuits must have same Impedance at all frequencies 

71. In scries LCR circviit voltage drop across resistance is 8 V, 
across inductor is 6 V and across capacitor is 12 V. Then 

a. voltage of the source will be leading current in the circuit 

b. voltage drop across each element will be less than the 
applied voltage 

c. power factor ordreuit will be 4/3 
d None of these 

72. In a black box of unknown elements (L, or R or any other 
combination), an nc voltage E- E G sin (cot + 0) is applied and 
current in the circuit was found to be / = i Q sin (cot + ^ 
+ id 4). Then the unknown elements in the box may be 


1 

Tic 


i 

71 c 

i 

71c 


-©- 

Fig. 10.58 

a. only capacitor 
h inductor and resistor both 

c either capacitor, resistor and inductor or only capacitor 
and resistor 
d only resistor 

73. The voltage time (V-t) graph for triangular wave having 
peak value. V () is as shown in Fig. 10.59. 
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Fig. 10.59 

The rms value of V in time interval from / = 0 to 7/4 is 


a. 


c. 


Vo. 

Yo_ 

4i 



dL None of these 


74. In the question 73, the average value of voltage ( V) in one 
time period will be 




75. What reading would you expect of a square-wave current, 
switching rapidly between + 0.5 A and - 0.5 A, when passed 
through an ac ammeter? 

a.0 \x 0.5 A 

c. 0.25 A d 1.0 A 

76. The capacitor of an oscillatory circuit is enclosed in a 

container. When the container is evacuated, the frequency 
changes by 50 Hz, the dielectric constant of the gas is 

a. U hi 1.01 

c. 1.001 d 1.0001 


Multiple Correct 
Answers Type 


Solutions on page 10.39 


1- In an ac circuit shown below in Fig. 10.60, the supply voltage 
has a constant rms value V but variable frequency / At 
resonance, the circuit 

p-AM/v—ii— 

R 1/TTgF 1 mH 

VJ 

- 0 - 

Fig. 10.60 


a. has a current I given by: / = — 

R 

h has a resonance frequency 500 Hz 
c. has a voltage across the capacitor which is 180° out of 
phase with that across the inductor 


d has a current given by 


2. Resonance occurs in a series LCR circuit when the 
frequency of the applied emf is 1000 Hz. Then 

a. when frequency = 900 Hz, then the current through the 
voltage source will be ahead of e.m.f. of the source 

b. the impedance of the circuit is minimum at/= 1000 Hz 

c. at only resonance the voltages across L and current in C 
differ in phase by 180° 

d if the value of C is doubled resonance occurs at/ = 2000 
Hz 

3. If R> C, and L be the resistance, capacitance, and inductance 
in the circuit in which ac of frequency/is set up, then which 
of the following have the dimensions of R ? 

a ./C b./L 

c. 1 ifC d. Uf 

4. Which of the following statements are true? Heat produced 
in a current carrying conductor depends upon 

a. the time for which the current flows in the conductor 
h, the resistance of the conductor 
c. the strength of the current 
d the nature of current (ac or dc) 

5. A choke coil of resistance 5 Q and inductance 0.6 H is in 
series with a capacitance of 10 |±F. If a voltage of 200 V is 
applied and the frequency is adjusted to resonance, the 
current and voltage across the inductance and capacitance 
are 7 0 , V 0> and V ]y respectively. We have 

a. / 0 = 40 A b. V 0 x 9.8 kV 

c. V, = 9.8 kV d. F J= 19-6 kV 

6. In the circuit shown in the Fig. 10.61, if both the bulbs B { and 
B 2 are identical 


C=500mF 

—Ih ' 




£= lOmH 
220 V. 50 Hz 

-Q-- 


Fig. 10.61 

a their brightness will he the same 
h B 2 will be brighter than B , 

c. as frequency of supply voltage is increased, brightness of 
/?i will increase and that of B 2 will decrease 
d only B 2 will glow because the capacitor has infinite 
impedance 

7. In an RLC series circuit shown in Fig. 10.62, the readings of 
voltmeters and V 2 are 100 V and 120 V, respectively. The 
source voltage is 130 V. For this situation mark out the 
correct statemeni(s). 


<3>—i 





a 


1 1 


2 


Fig. 10.62 
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a. Voltage across resistor, inductor and capacitor are 50 V, 
86.65 V and 186.65 V, respectively 
h Voltage across resistor, inductor and capacitor are 10 V, 90 
V and 30 V, respectively 

c. Power factor of the circuit is — 

13 

d The circuit is capacitance in nature 


Assertion-Reasoning,.; 
Type : 


Solutions on page 10.39 


a. Statement I is True, Statement II is True; Statement II is 
correnct explanation for Statement I. 
h Statement I is True, Statement II is True; Statement II is NOT 
a correct explanation for statement 1. 
c. Statement I is True, Statement II is False, 
d Statement I is False, Statement II is True. 


1. Statement!: By only knowing the power factor fora given 
LCR circuit it is not possible to tell whether the applied 
alternating e.m.f. leads or lags the current. 

Statement D: 

cos 6- cos (- G) 

2. Statement I: In the purely resistive element of a series LCR , 
AC circuit the maximum value of rms current increases with 
increase in the angular frequency of the applied e.m.f. 


Statement II: / mnx = 




Li-Ll 1 , 

l &CJ 


where I miX is the peak current in a cycle. 

3. Statement I: In a series LCR circuit, at resonance condition 
power consumed by circuit is maximum. 

Statement II: At resonance condition the effective resistance 
of circuit is maximum. 

4. Statement I: In series LR circuit voltage leads the current. 
Statement II: In series LC circuit current leads the voltage. 

5. Statement I: Average value of ac over a complete cycle is 
always zero. 

Statement II: Average value of ac is always defined over 
half cycle. 

6. Statement I: In series LCR circuit resonance can take place. 
Statement II: Resonance takes place if inductance and 
capacitive reactance arc equal. 

7. Statement I: KVL rule is also being applied in ac circuit 
shown below. 

Statement D: 

-II-WVv- 

8 V 

—*- © - 

l'= 10 V 


Fig. 10.63 

in the circuit = 2V. 

8. Statement I; ac generators are based upon EMI principle. 
Statement II: Resistance offered by capacitor for alternating 
current is zero. 


9, Statement I: Rate of heat generated when resistance is 
connected with ac source depends on time. 

Statement II: RMS voltage may be greater than maximum ac 
voltage. 

10. An inductor, capacitor and resistance connected in series. 
The combination is connected across ac source. 

Statement 1: Peak current through each remains same. 
Statement U: Average power delivered by source is equal to 
average power developed across resistance. 

11. Statement I: In an alternating current, direction of motion of 
free electrons changes periodically. 

Statement II: Alternating current changes its direction after 
a certain time interval. 

12. Statement I: When frequency is greater than resonance 
frequency in a series LCR circuit, it will be an inductive circuit. 
Statement II: Resultant voltage will lead the current. 

13. Statement I: When capacitive reactance is smallerihan the 
inductive reactance in LCR circuit, e.m.f. leads the current. 
Statement II: The phase angle is the angle between the 
alternating e.m.f. and alternating current of the circuit. 

14. Statement I: An alternating current shows magnetic effect. 
Statement II: Alternating current varies with time. 

15. Statement I: The dc and ac both can be measured by a hot 
wire instrument. 

Statement II; The hot wire instrument is based on the 
principle of magnetic effect of current. 

16. Statement I: In a series RLC circuit if V L and V c denote 
rms voltage across /?, L and C respectively and V s is the rms 
voltage across the source, then V s = V R + V L + V c . 

R L C 

—ih 



Fig. 10:64 


Statement II: In ac circuits, Kirchhoffs voltage law is 
correct at every instant of time. 

17, Statement 1: The electrostatic energy stored in capacitor 
plus magnetic energy stored in inductor will always be zero 
in a series LCR circuit driven by ac voltage source under 
condition of resonance. 

Statement II: The complete voltage of ac source appears 
across the resistor in a scries LCR circuit driven by ac 
voltage source under condition of resonance. 


Coni prehension 
Type 


Solutions on page 10,40 


For Problems 1-3 

If the voltage in an ac circuit is represented by the equation, 
V = 220\/2 sin(314/-^), calculate 

1. rms value of the voltage 

a. 220 V lx 314 V 

c. 220 V 2 V d. 200 / -72 V 
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2. average voltage 

a. 220V 

c. 220/75 V 

3. frequency of ac 

a. 50 Hz 
c. 50/75 Hz 
For Problems 4-5 
Consider the Fig. 10.65. Find 


h. 622/xV 
d 220s/2V 

h 50 75 Hz 
4 75 Hz 



4. the average 




d |V 0 ^2| 


5. rms value for the saw-tooth voltage of peak value V 0 



h V 0 72 

dv 0 ^ 


For Problems 6 - 7 

The half cycle of an altemaiing signal is shown in Fig. 10.66. It 
increases uniformly from zero at 0° to F m at it remains constant 
from c£ to (180- ctf* and decreases uniformly from F m at 180°, 


A B 



Fig. 10.66 


6. The effective values of the signal is 


a ^ 

t'-s] 

1 

Fm ]j 

HI 


FI 

4 

Fm \j 

FS 


7. The average values of the signal is 

n x 



ForProb!ero$8-9 



Fig. 10.67 

8. The average value of the wave-form shown in Fig. 10.67. 

a. 1575 b. 1075 

c. 10 d. 15 

9. The rms value of the signal is 

‘■'4 

c. 1075 


h 10 

O. 

s 

d. 1075 


For Problems 10-11 

A 0.21 H inductor and a 12 Cl resistance are connected in series to 
a 220 V, 50 Hz ac source. 

10. The current in the circuit is 


311 

220 

a. -- A 

n/4492 

b. .- A 

V4492 

74492 

A A 

<L 

C. r\ 

220 

311 

11. The phase angle between the current and the source voltage 

is 


*■ ""''(t) 

. CO.-0) 

c «"(^) 

d. cos'^Yj 

For Problems 12-13 


When 100 V dc is applied across a coil, a current 1 A flows 

through it when 100 V ac of 50 Hz is applied to the same coil, 

only 0.5 A flows. 


12. The resistance is 


a. 200 O 

b. 50 0 

c. 100 O 

d. 50 75 O 

13. The inductor of coil is 


a. 5.5 H 

b. 1.1 H 

c. 0.55 H 

d. 2.5 H 


For Problems 14-17 

A box F and a coil Q are connected in series with an ac source of 
variable frequency. The e.m.f. of the source is constant at 10 V. 
Box P contains a capacitance of 1 pF in seriei with a resistance of 
32 Q. Coil Q hasa self inductance of 4.9 mH and a resistance of 
68 Cl in series. The frequency is adjusted sp that maximum 
current flows in Pand Q . 
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l pF 32ft 4.9mH 680 

'hwvwm 

, *13 £ Ri 


BoxP 


-©- 


CollQ 


Fig. 10.68 


14. The impedance of P at this frequency is 

a. 7711 h 3611 c. 4011 

15. The impedance of Q at this frequency is 


a. 200 a b. 71350 ft 

c. 55 a 

16. The voltage across P is 


a. 12 V b. 7.7 V 

c. 10 V 

17. The voltage across Q is 


a. 20 V 

. 7l 350 
b - 10 

C.5.5V 

■mu 

10 


d. 12511 
d. 7952411 
d- 24 V 


For Problems 18 - 20 


A series LCR circuit containing a resistanceof 120 has angular 
resonance frequency 4 x LO 5 rads"'. At resonance the voltages 
across resistance and inductance are 60 V and 40 V> respectively. 


18. The value of inductance L is 

a. 0.1 mH b. 0.2 mH c. 0.35 mH cL 0.4 mH 

19. The value of capacitance C is 

a. ^ jjF h ~:4F c. 32 pF d 16)iF 

20. At what frequency the current in the circuit lags the voltage 
by 45° 7 

a. 4 x 10 5 rad/s b. 3 x 10 5 rad 

c. 8 x 10 5 rad/s d. 2 x J 0 5 rad/s 


For Problems 21 - 22 

A current of 4 A flows in a coil when connected to a 12 V do 
source. If the same coil is connectedto a 12 V, 50 rad/s ac source 
a current of 2.4 A flows in the circuit. 


21. The inductance of the coil is 

a. 0.02 H b. 0.04 H c. 0.08 H d. 1.0 H 

22. The power developed in the circuit of a 2500 pF capacitor 
that is connected in series with the coil is 


432 u/ 
a -W 

25 


123 

b — W 
' II 


230 in 

c. -W 

13 


d^W 

15 


For Problems 23-24 

An inductor 20x L0^ H^capacitor 100 pF and a resistor 50 Hare 
connected in scries across a source of e.m.f. V- 10 sin 314 r. 

23. Then the energy dissipated in'the circuit in 20 minutes is 

a. 952 J b. 900 J c. 250 J d. 500 J 

24. If resistance is removed from the circuit and the value of 
Inductance is doubled, then the variation of current with 
time in the new circuit is 


a 0.52 cos 3 [4t b 0.52 sin 314 

c. 0.52 sin (31 A t + ;r/3) d None of these 


Matching Column 
Type 


Solutions on page 10A3 


1. In column I, variation of current I with time r is given in the 
figure. In column U> root mean square current 1^ and average 
current is given. Match the column I with corresponding 
quantities given in column II 



2. Four different circuit components are given in each situation 
of column I and all the components arc connected across an 
ac source of same angular frequency O) - 200 rad/s. The 
information of phase difference between the current and 
source voltage in each situation of column l is given in 
column II. Match the circuit components in column I with 
corresponding results in column II 


Column I 

Column n 

-ii— 

tOQ 500 pF 

q-'Tnrr- 

$H 

r - -^mr -= — ii— 

4 H 3nF 

s —vwv - nrer^ 

Ik ft 5 H 

a The magnitude of required 
phase difference is nfl. 

h, The magnitude of required 
phase difference is n! 4. 

c. The current leads in phase 
to source voltage. 

d The current lags in phase 
to source voltage. 
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3. In series R-L-C circuit, R = 100 Cl, C = — jiF, and 

K 

L = -^ mH, is connected to an ac source as shown in 
4 

Fig. 10.69. 

r-VM—'TSTP—11—, 
l r c 

- © - 

220 V, SO Hz 

Fig. 10.69 

The rms value of ac voltage is 220 V and its frequency is 50 
Hz. In column I some physical quantities are mentioned 
while in column II information about quantities are provided. 
Match the entries of column I with the entries of column II. 


Column I 

Column H 

p Average power dissipated 

a. zero 

in the resistor is 


q Average power dissipated 

h non-zero 

in the inductor is 


r. Average power dissipated 

c. 160 

Ln the capacitor is 


s. RMS voltage across the 

d 185.6 

capacitor is 



4- Consider all possibilities [L> R> C are non-zero] 


Column I 

Column H 

p In L-R series AC circuit 

a. current lags inductor 


. s.' ft 

voltage by — 

q Iri fl-C series AC circuit ■, 

A 

h current lags voltage by 


an angle less than "i 

r. In L-C-R series AC circuit 

c. current leads voltage by 

1 

an angle less than ^ 

. s. In purely resistive AC 

d current and voltage are 

circuit 

in phase 


5. In column I some ac circuits with meter readings are given 
and in column n some circuit quantities are given. Match the 
entries of column I with the entries of column II. 


Column I 


Column II 




n 


v, 

RBh 


-HWVW^ITIP ^ 

I—-®-’ 


-©- 


250 V 

y, = 153.1) V; Kj = 291.6 V; 
Vl- 150 V 


a. I^-ISOV 


h V l =50V 


c. V C =250V 


—vwv—— 


250 V 


: : 


V? 

*4, 


d Power factor of the 
circuit is 3/5 


ANSWERS AND SOLUTIONS 


Subjective Type 


1, The required values can be found by using either graphical 
method or analytical method. 

Graphical method; 

The average value can be found by averaging the function 
from/ = 0to/ = 1 in parts as shown in Fig. 10.70 
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Average value of /(/) 


1 r r l 

= — x (net area over one cycle) 

Now, area of a right-angled triangle 

= — x (base) x (altitude) 

2 

Hence, area of the triangle during / = 0 to / = 0.5 s is 

A.= - x (At) x (-2) = - x - x -2 = -- 

1 2 2 2 2 

Similarly, area of the triangle from t = 0,5 to / = 1 s is 

/U= - x (At) x (+2) = - x - x 2 = - 

2 2 ' ’ 2 2 2 

Net area from / = 0 to / = 0.1 sis 

A. +/U= -- + - = 0 

. 1 2 2 2 

Hence, the average value of/(/) over one cycle is zero* 

For finding the rms value, we will first square the ordinates 
of the given function and draw a new plot for / 2 (0 as shown 
in Fig. 10.70. It would be seen that the squared ordinates 
form a parabola. 

Area under a parabolic curve = (1/3) x base x altitude. The 
area under the curve from / = 0 to t = 0.5 s is 

l .9 1 1 2 

= - (A/) x 2 2 =rx-x4 = - 


3 2 3 


Similarly, for t = 0.5 to t= t .0 s, 


1 


1 


/U = -(A/)x4 = -x-x4 = - 
3 3 2 3 

2 2 4 

Total area — + —= — 

3 3 3 


value = / 2 Q)dt = 

V T ^ 


rms 


rms value = .*j— =1.15 


2 * In such cases it is difficult to develop a single equation. 
Hence, it is usual to consider two equations, one applicable 
from 0 to 1 and another from 1 to 2 ms. 

For t lying between 0 and 1 ms, v { = 4. For t lying between 
I and 2 ms, v 2 = - 4/ + 4. 


16x8_ 16 2 xi 

3 3 

32x4 32x1- 
-+- 


32 

3 


J y = 3.265 V 


V ” = {[jo v ' d ' + JN*] 

= i[Jo 4A + J 1 i( - 4, + 4)A ] 


K+ 


4 / 2 

27 

- + 4l 


2 

1 _ 


= 1 V 


3. Here, time of l cycle 7= 1/50 s. So, we have to calculate the 
average energy as time » 7. 

Energy consumed in time t 

v v ^ 

•J2 


= Wr™ COS fit = ^ X ^ X -/ 


2 Z 2 


h-W 




= ,|(50) 2 +f 314x20x10"'' - 


1 


314x100x10 


.-6 


= V3153.6 «= 56 Q 

10 2 x50x20x60 nci , 

Energy consumer = ^ 3 ,^ =951J 

When resistance is removed, 

R . it 

cos q- —- = 0 or, <p~ — 

Z' 2 

Z'= —~a>L' = -!- 7 - 314 x 40 x 10 “ 3 

coC 314 xlO " 4 

= 19.3 

L R C 



— nrvmrn' -vyw— 

—u-j 

f 0 4 2 clt + J ( 2 (-4r +4) 2 ^j 

.2 i * i21 

-4V- 



K + 


I6r 


+NH 


Fig. 10.71 






































Alternating Current 10.29 


/= —sin (cot + d>)= -^-sinf 314r + — 1 
Z' 19.3 { 2 J 

= 0.52cos314/ 

4. From the i -1 graph (Fig. 10.31), area from / = 0 to t = 2 s 

-x2x 10= 10 As 
2 


10 r a 

average current = — = 5 A 

2JT/6) 


5. 


</> = 


j I„,sin ondt Lsl(\- C os<y—] 
o <o l. co) 


2tt/co 


Injco 


= 0 


It can be seen graphically that the area of / - / graph of one 
cycle is zero. 

< i > in one cycle = 0 . 



Fig. 10.72 

Figure 10.72 shows two parts, A and B , each half cycle. In 
part A we can see that the net area is zero 
< i > in part A - 0. 

In part B , area is positive hence in this part < i > ^ 0. 


jt/co 

f I ni sin CDt dt\ 

7 . i#<i>= _o_ 

njco 


— (l-cosco— 
co ^_ co_ 

njco 


2 /, 


n 


3/rflat 

/„, sin cot dt 





Uj 2 a 

sin 1 cot dt 


njco 


[F i 

l*_n i _ * ni 

V 2 = 72 


Note: 

The rms values for one cycle and half cycle (either positive 
half cycle or negative half cycle) is the same . 

From the above two cases ) >te that for sinusoidal 
functions rms value (also called effective value) 

peak value „ /„. 

■ or -U=^. 

10. The equation can be written as i = 2 sin 100 7tt + 2 sin(100 ret 
+ 120 °) 

so the phase difference <p~ 120 °' 

= \jA? + A 2 + 24] A 2 cos ^ 


= 14 + 4 + 2x2x2 


Bh 


so the effective value or rms value = 2 %/2 / = >/2 A 
11 . £ flv = v rms I rm% cos <p 


200s/2 2 

V 2 -72 


cos (30°)= 100 V 6 W 


12. Comparing E = 200 42 sin( 100 1 ) with E = £ 0 slnry/, we find 
that, 

£ 0 = 200 -Jl V and 00 = 100 (rad/s) 

1 1 


So, X r = — = 


coC 100x10"' 


- = io 4 n 


As ac instruments reads rms value, the reading of ammeter 
will be, 


J - ^rnw _ ^0 


X c 4lX c 


as : E = 
G riins 


ie I = 


200V2 

J 2 x 10 4 


= 20 mA 


13. 


10 6 


100 

-(2^50) 

71 


= iooa 


i. Z= 7 £ 2 + =7 10 ° 2 + ( |0 °) 2 = 100v/2fl 


y r 

ii. tan —— = 1 6^45° 

R 


iii. Power factor = cos <p = 


4~i 

iv. Current/ = = ^4- = 42 ip 

nns z 100V2 







































10.30 Physics for IIT-OEE: Electricity and Magnetism 


v Maximum current 7 ms \fl = 2 A 
vi Voltage across R = V R 7 ms R = -Jl x 100 V 

vii. Voltage across C = = 7 m5 X c = ^ x 100 V 

viii. Max voltage across R = = 200 V 

ix. Max voltage across C = V5 V c;mis = 200 V 


X* < p> - cos <t>= 200 x %/2-x 200 w. 

xi. <P s >=/ 2 ns rt = 200 W 

xii. <P C >=6 

14. a. /(/) = l m sin(a>/ + <p) 

= V2sin(2jr50/+45°) 
bt v^i^x 7? = /(*)£ 

-J2 x 100 sin(100 nt + 45°) 
c. v c (t) = i c X c (with a phase lag of 90°) 

= x 100 sin(100 nt + 45 - 90) 

15. According to the given problem, 


/=^= 


z [fl 2 + (1/Cr ») 2 ] 1 ' 2 


and, 


7 

2 


[J ? 2 + (3/C<2 >) 2 ] ,/2 
Substituting the value of I from equation (1) in (2), 


"4 


R 2 + 


C 2 fl) 2 


= + 


CV 


■, i.e„ 


I 


5 


C'ca 


= -R 2 


. . X (1/Ca>) 
So that, —= - 




16. HereX t = 0)L=ZnfL=Inx 50 x 


9 

100 


= 9Q 


(1) 

( 2 ) 


So, Z- a //? 2 + X L 2 = a/12 2 + 9 2 = 15Q 

_ . w V 225 ,. . 

So (a) 7= — =-= 15 A 

Z 15 


and (b) 0 = tan 1 




= tan“ l 3/4 = 37° 


i.e., the current will lag the applied voltage by 37° in phase. 
17. When the coil is connected to a dc source, the final current 
is decided by the resistance of the coil. 


r= ~ = 4n 

2.5 


When the coil is connected to ac source, the final current is 
decided by the impedance of the coil. 


But ' Z= ^/(r ) 2 + (Xl) 2 X l 2 = 5 2 -4 2 =9 
X l =3CI 

a>L= 2nfL-7> 

2;r50L=3 

L= 3/I00^H 

18. From the rating of the bulb, the resistance of the bulb is 
V 2 

r= - 22 s.=ioon 
p 

200 V, 50 Hz 



1 —nnnr—vwv- 

i R = mn 


Fig. 10.73 

For the bulb to be operated at its rated value, the rms current 
through it should be 1 A 


Also, 



, 200 L= A h 

,/l00 2 + (2;r50L) 2 * 

19. As for the arc lamp V R = 1R = 10 x 5 = 50 V, so when it is 
connected to 160 V ac source through a choke in series, 



V=V(, sin /<d 


Fig. 10.74 


V 2 =v%+vl, V L = a/i 60 2 -50 2 = 152V 
and as, V L - IX L = IcoL=IjcfLl 


So, 



152 

2x^x50xl0 


= 4.84x 10" 2 H 


Now the lamp is to be operated at 160 V dc; instead of choke 
if additional resistance r is put in series with it, 

V= 7(7? + r),i.e., 160= 10(5 + r) 
i.e., r= 11 Q 

In case of ac, as choke has no resistance, power loss in the 
choke will be zero while the bulb will consume, 

P- I 2 R= 10 2 x5 = 500 W 
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However, in case of dc as resistance r is to be used instead 
of choke, the power loss in the resistance r will be. 

PL = 10 2 x 11 = 1100 W 

while the bulb will still consume 500 W, i.e., when the lamp is 
run on resistance r instead of choke more than double the 
power consumed by the lamp is wasted by the resistance r. 


Objective Type 


1. b. E= ^120 2 +160 2 

10= ^/144 + 256 = 10V400 V = 200 V 

2. a V c « y and V L <* f 

3. c. The period of sinusoidal voltage, T = OA s. 


f= - = — = 2.5Hz 
J T 0.4 


AHags M by 0.1 s which is equivalent to 


n 

Thus, the lead of N over M is — rad. 

2 

4. a. The equivalent primary load is 


(9 


2n or — rad. 
2 


*.= 






2400 Q 


Current in the primary coil 

_ 220__240__ ia 
R t 2400 

5. a. Here, V L = V c . They are in opposite phase, Hence, they 
will cancel each other. Now the resultant potential difference 
is equal to the applied potential difference 
= 100V 
Z= R 


X L =X C ) 


r - _ V vm ^ 100 

^ nms ‘~ Z R 50 
= 2 A 

6 . c. According to the given question, 

tan 60°= and tan 60° = 

R R 

d)L= (l/<aC)(case of resonance) 
Now Z= 




R tms 200 V 

. /-uni = - -o k 

™ Z 1000' ' \ 

7. d. Time for reaching maximum or peak value from 0 

- I-I _L 1 

~ 4 ~ 4 X 50 S ~ 200 * 


= 5 x I0" 3 s 

/ mi „=l 0 A,/ rain =^ = 10 

[ 0 = 10 72 A 
= 14.14 A 


8 . b. Given that £ 0 = 1 0 V, t =-s 

0 600 


E- £ 0 cos 2nnt" 


= 10 cos 


2^x50 


x-l 

600J 


= 10 cos 0r/6)a 10(73/2) 
= 573V 

9. b. Wattless component of AC 


= l v sin 0 = — sin# 


200 


(Oh 


sjF? + Q) 2 L 2 ^R 1 + HFH 

200 x (qL 

" (*Wl 2 ) 

As (Oh- 0.7 x2px50 
Hence, wattless component of AC 

200 x (0.7 x2^x 50) 

( 220 2 + 220 2 ) 

= -=0.5 A 
2 

10. b. Power = E 0 l 0 cos (j> 

’ or 1000= (2000 xf 0 /2)cos 60° 

Solving, we get: l 0 = 20 A 

••• 

11. a. In case of dc, O)- 0 and hence Z = R. 

Z=R=- = — = 100 fi 
/ 1 

for AC: Z = [R 2 + (2/wL) 2 ] 1/2 

or 200= ((lO0) 2 + (I00^L) 2 ] l/2 
Solving, we get L ~ 0.55 H 

12. c. Clearly, 

v x l =r 

orLx2x3.14x1000 = 100 
100 


Z = ^: 
0.5 


or 


L= 


H 


2x3.14x1000 
= 15.9 x 10 r 3 H= 15,9 mH= 16 mH, 


200f2 
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13. c. Voltage across L and C cancels out. 

So, voltage across k is 220 V. 

220 A . „ . 

Again, 7 0 = -A = 2.2 A 

5 0 100 

14. a. At 50 Hz, Lm= R> At 100 Hz, Lm = 2 /?. 

So the current remains unchanged in /?. However, it becomes 
half in L. 

% 

15. c. The current of 1.6 A lags e.m,f. in phase by —. The current 

of 0.4 A leads e.m.f. in phase by So, these two currents 
are 180° out of phase with each other. 

Net current, 7, = (1.6 - 0.4) A = 1.2 A. 

16. d. Reactance of the inductor O is given by X L = 2^/L. 

rms current through the inductor L is 7 2 
V 1 

= -—— «= — where V is the rms of the supply voltage. 

2 Ttf L f 


Reactance of the capacitor C is given by X c = 
.% rms current through the capacitor is 

x c 

The total current 7, is given by ^ = 7 2 + / 3 

, - (sTZ -** /cv ) . 

Thus, 7 2 is best represented by curve /?. 

7 3 is best represented by curve P. 

I { is best represented by curve Q. 

17. d. VnJbQ)) = 3 V = 67^ /. 7 v » 0.5 A 


1 


2 nfC 


, X l = %£1 


Now, 


/„■!= , 5 

2 ^ 6 2 + X 2 l 

■ V L = I v ■ X L =^x8=4V 


18. b. Let 7j and 1 2 be currents through B x and B 2 then 

y, = 220 


h = r + ( 

h ^R 2 + X 2 l -Jr 2 +L 


1 

CG) 


500x10"° xIttxSO) 
N //? 2 + (K>xlO‘ 3 x2;rx50) 2 

= 'Jr 2 +401-Jr 2 +9.87, / 2 > /, 


Bulb B 2 will be brighter. As frequency increases, X c 
decreases X L increases. l 2 becomes less, 7j increases. 

.\ brightness of B { will increase and that of B 2 decrease. 
19. c. The effective length 

t'= -Ji 2 +£ 2 - -jit 



E* Bh = B-Jl tJlgh = 2BtJgh 

20. c. Since the capacitor is connected in series to the resistor, 
the current I c from the supply and 7* through the resistor is 
in phase as represented by choice (a). 

21. b. Root mean square current of the sinusoidal waveform, 

i-4.' 

■Ji 


Power output of the heater, 


P= I 2 R = \ \ I R = 




i 2 r 


22 . c. Power factor = 


Vp 2 + Leo -— 

Cm 


1 


For a purely resistive circuit, Leo -- = 0 

Cm 

power factor = 1. 

23. d. Both B and 7 are in the same phase. So, let us calculate the 
time taken by the voltage to change from peak value of rms 
value. 

Now, 220= 220 sinlOO^/, 

71 1 

or IOOth, = — or /, =-s 

1 2 1 200 

200 

Again, —p- = 200sinl00^r 2 

v 2 

1 71 

or —f= - sinlOO^A or 100;n 7 = — 

•72 4 

1 

or u ~ -s 

2 400 

Required time = t i -1 2 

J_1 _ 2 -1 _ 1 

" 200 400 " 400 " 400 & 

= 2.5x 10~ 3 s 

24. c. Quality factor 

= /o 600 600 

"650-550 100 
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25. a E= £g cos cot 

(0 = 5x 

2xv = 50 k => v = 25Hz 
In one cycle ac current becomes zero twice. 

Therefore, 50 times the current becomes zero in 1 s, 

26. a. In an ac circuit, a pure inductor does not consume any 
power. Therefore, power is consumed by the resistor only. 

P = R 1 V R 
or 108= (3)’/? 

or R= 12 ft 

27. d. Quantity of heat liberated in the ammeter of resistance/? 

i. due to direct current of 3 A =: [(3) 2 R/J)] 
iL due to alternating current of 4 A = [(4) 2 R/J] 

Total heat produced per second 

= Pfj± + (rf_R_25R 
J + J ~ J 

Let the equivalent alternating current be 1 virtual A, then 


l 2 R _ 25 R 

J ~ J 

or /= 5 A 

28. c. X= 300m 

C = 3x10® m/s 

„ C 3 x10 s 

Frequency n = — = ———- 
A 300 

Resonance frequency 


n 


1 

2/rVzZ 


10 6 Hz 


or = 4LC = — 

2 7tn 


or 

Here 


LC = 


C- 


l 

AfPn 1 

2.4x HT 6 F 
_1_ 

4/r 2 (l0 6 )x2.4xl0 ~ 6 
10*® H 


29. a. Change on the capacitor. 



q 0 = CV=lxl0* 6 xl = 10* 6 C 

Here 

q- q Q sinfi)/ 

or 

Iq= °xio = Maximum current 

Now 

6 )= i_= *=< 10*) 1 ' 2 

JLC TlO 1 ’ 

A 

/ O =(10 9 ) !/ 2 X(1X10* 6 ) 


= a/ 1000 m A 

b. 

E- sin cot 


voltage read is rms value. 

£ 0 = a/ 2 x 234 V = 33 [ V 


and cot- 2;m/ = 2;rx50xf 
= 100 /rr 

Thus, the equation of the line voltage is given by 
£’=331sin(l00^) 

31. b. Here inductance and resistance are connected in series. 
We know that in the case of resistance, both the current and 
the potential difference are in the same phase. In case of 
inductance, when current is zero, potential difference is 
maximum and when current reaches its maximum value at 
cot = Kl 2, the potential difference becomes zero. Thus, the 
potential difference leads the current by tt/2 or current lags 
behind the potential difference by zr/ 2 . 

32. b. In an ac circuit, pure capacitor does not consume any 
power Therefore, power is consumed by the resistor only. 

P=1 2 R 

or 100 = ( 2 ) 2 /? , 

or R = 25 £2 


33. c. Impedance 2= 


K 

K 


or 


2 = 


200 

2 


ioon 


BU, z’./^JL) 1 
° r (sc!= 2 ’-* ! 

= (100) 2 -(25) 2 = 125x75 

or = — =Jl25x75 

(OC 

Capacitive reactance 

— = J125X75 
mC V 

34. d. — = Jl25x75 
£t)C 


100/r N /l25x75 
Here co- 2 nn 

- 2 /rx 50radian/scc 


100^125x75 

35. b. Here R~X L -X C (voltage across them is same) 
Total voltage in the circuit, 

v=/[/e 2 + {X z .-x c ) 2 ] ,/2 

= 1R= 10 V 

When capacitor is short circuited. 


10 10 

(R' + xlf-Ji* 
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Potential drop across inductance 
= IX L =IR=\0V 
125 

36. a. R=-— = \0C1 

12.5 

V 125 

X L = COL=InnL = — = — 

= 12.5 
InnLs 12.5 

„ , 12.5 

or 2 kL= —— =0.25 
50 

X L = 2ttLxn= 0.25x40 
= 10 £2 

Impedance of the circuit 

Z = =10 -J2C1 

.-. Current = =10 A 

10V2 

37. b. Given / = 5 H-10 sin cot 


4fr- 


f 7 l 2 dt 
Jo_ 

fT 

dt 

Jn 


1/2 


^ (5 +1 Osin cot f dt 


-ll/2 


(25 +lOOsina?/+ 100sin 2 <y/) 


-1I/2 


I tT 

But as — sincy/rf/=0 

T Jo 

1 f r ■ , 1 

and — sm cot dt = - 

j Jo 0 


so 


4if 


25 + — x 100 
2 


2 

1/2 


= 5 a/3 A 


38. d. For an ideal choke, I v = — iL 




or 


8 = 


100 


100^-x L 


1 


L- —H 
8 ;r 

For a pure resistor, 

1 ^ 1A 100 

/ = — or 10=- 

v R R 

R=\0Q 

When connected in series: 


A. “ 




150 


(10) 2 + j^2#x 40X|^j 


150 


-^A 


7 ( 10) 2 +( 10) 2 


39» d* The resistor and the inductor are connected in parallel. 7 ( 
and I 2 are the currents through the ideal choke and the pure 
resistor There is phase difference of nil between 
/j and l v Hence the resultant current I is given by 


/= V^T+7 


. 

M COL 


Now /, = = 


150 


f — ]x 2 >rx 


■ = 15 A 


40 


and / 2 =^ = — =15 A 
U 10 

■Jlf + 1\ - J(15) 2 + (15) 2 A = 15/^2 A 
40. a Lco= 5 x 10 " 3 x 2000 = 10 £2 


1 


C(0 50xl0" 6 x2000 10 


1 


■ =—n = ioa 


Since Leo- — 

Leo 

Z=/? = 6 + 0.lO + 4=10.1£2 
E 20 

/ 0 = - = —A»2A 
0 Z 10.1 

41. a. P= E v I v cos <p\ P= 

R Z 


or P = 


E:R 110x110x11 





22x22 


W =275 W 


42. b. 


v 2 c +v 2 = v 2 
so 2 +v 2 R = no 2 
v\ = no 2 -so 2 


v R = ^no 2 -50 2 



Then, I v = 


Fig. 10.76 

V R = ^160x60 =98 V 
^160x60 


50 


(.-./f = 50 n) 


































_ 
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Also* lu- 


UO 


Jr 2 +x 


98 _ no 

50 7 5 ° 2 + x 


l 


Flux X c and now using X c = we get 


43. c. 


C = 3.3 JXF 
E 220 

7= -J=— i Z=220Q 

z z 


44. a. 


Z 2 = R 2 + xI .■.x i = A /z 2 -^ 2 
L= —\fz 2 ~^-~R 2 

CO 

L= —5— 7z 2 -J? 2 = 0.68 H 

2nf 

V L = coU = 2nx 0.5 x 0.68 X1 
= 213.6 V 

_1 _ 1 _ 

Xc ~ eoC 2^x50x8xl0' 6 _398fi ' 
V mB = 220V, V pe4k =72X220 
= 311V 

<W = 1^ = 1.76x10-^ 

9pca= = 1.76xl0 -3 x72 


= 2.5 x 10 " 3 C 

45. a. Resultant current is superposition of two currents, i.e.> 
1 (instantaneous total current) = 6 + 7 0 sin 60/ 
dc ammeter will read average value 


= 6 + 7 0 sin4>/ = 6 
ac ammeter will read 

= \J(6 + 7 0 sin 2 ryr ) 2 


(.■. 7 0 sinry/ = O) 


= ^36 + \21 0 sin 6)t'+ Iq sin 2 m 


(/. 7 0 sin<yf = 0) 


Since sin 2 &)/ - - and 7 rm _ = 8 = —pr 

2 y/2 

ac reading 


— y 36 + — V36 + 64 = 10 A 

46. c. X L = a)L=2xfL = 220Cl 


) = tan 


(xA 220 _ 0 

— = tan -=45° 

L J 200 


7 = 


220 


+ xl -\/(220 ) 2 4 - (220 ) 2 

Wattless component of current = 7 sin^ 

= -Usin45° = 0.5 A 

72 


47, c. 7= 7; cos*y/ + 7? sin&)/ 


v )nu»n = A cos cot + 1% sin coi + 27|7 2 cosavsintftf 
, 1 - 1 

= 7, x-+7?x- + 27.7 1 x0 
2 2 

( 7, 2 +/j ) l/2 
72 

48. b. For power to be consumed at the rate of 
1100 

-= 220 W 


We have P = E V I V cos 0 


„„„ 220x220 R 

220 = ,—x- 


\Ir 2 +L 2 0) 2 Jr 2 + l}(0 2 


V 2 220 2 

where /? =— =-= 44£2 

P 1100 


220 = 


(220 ) 2 x44 
44 2 + (La) 2 


44 2 +(La>) 2 = 220x44 

(La)) 2 = 7220 x 44 - 44 2 

= 744(220 - 44) = 744 x 176 = 88 

r 88 88 88 7 

iKXf 2^x50 2x22 50 

= 0.28 H 

49. b. Wattless component of ac 
£ 

- I v sin£ = —sin# 
v Z 

220 Lo) 

x ■ 


^R 2 + [} a ) 2 7 R 2 +E 

Lco= 0.7x2;rx50 


W 


220 xLd) . 22 

= 0.7 x2x— x50 


(R 2 +l}a> 2 ) 7 


220x (0.7 x 2#x50) 
( 220 2 + 220 2 ) 


= 220 0 


, 220 x 220 1 ncA 

220 2 ( 2 ) 2 

50. c. £, = £ 0 sinfiM;£ 2 = £ 0 sin(aM+fl/3) 
E=E 1 + E l 

= E 0 sin (a)l + n/3) + E 0 sin 
= E 0 [2 sin (coi + nt 6) cos(#/6)] 

= 73 E 0 s)n(cot + x/6) 
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51. d. If an ac source E - £ 0 sinfflf is applied across an inductance 
and capacitance In parallel* the current in inductance will lag 
the applied voltage while across the capacitor will lead, and 
so, 

/*= —sin[ cot-—\ = -0.^ cos cot 

1 l 2) 


: + Oi 6 cos cot 


So the current drawn from the source 
/= 4 + / c = - 0 . 2 cos cot 
I7 0 l= 0.2 A 

52, d. As current at any instant in the circuit will be 
/= I dc += a + 6 sin cot 


\ T l 2 dt 
jo 


1/2 


1 rT * 

—(a + bs\ncot) dt 


-|l/2 


so > 4tr~ f dt 

_ J o 

[ l ^ 1 

— | o (a 2 + 2 ^dsin cot+b 1 sin 2 as) dt 

[ fT 

but as — sin cot dt-0 
X J o 

and — f T sin 2 cotdt = - 

TJQ 2 


+ H 


2 

1I/2 


So, I. 


53. c. The equation of a semi-circular wave (shown in Fig. 10.52) is, 
x 2 + y 2 = a 2 or, y 2 = a 2 -x 2 


•" V2 J-. 




y 2 dx 


- -^~f a (a' L dx-x l )dj: = 

On*-a O/I 


la 


la 


1 x 
a x - 

3 


2 a 


/ 




3 0 .3 

n-+ a - 

3 3 


2 <3 2 


/*»= ^=0.816« 


54. b. Comparing £=200^2 sin (100/) with £=£^sln 0)t, we find 
that 

£ 0 = 200 V2 V and a>= 100 (rad/*) 

1 1 


So, 




c “ /»C I00xl0 “ 6 


= 10 4 ft 


And as ac instruments read the rms value, the reading of 
ammeter will be 


j _ ^rms _ £0 


Jix c 


as ^ = ^| a^ Z = X C 


So, 


, 200V2 „ A A 

l m .= — - t = 20 mA 


V 2 xl 0 4 

55. d. At resonance, the series combination of L and C gives 
zero impendance. 

At resonance, the voltages across L and C are equal but 
opposit In phase. 

56. h 

Vc 100 2 

As resistance of the lamp and R = — - —— = 200 Cl The 
y W 50 

V 100 1 

max. current 1 = — -= —A. So when the lamp is put in 

R 200 2 

series with a capacitance and run at 200 Vic, from V = lZ t we 
have 

2 = X = i0O 
1 ( 1 / 2 ) 

Now as in case of C-R circuit, 




160000 


16xl0 4 -(200) 2 = 12 x 10 ' 


— = Vl2xl0 2 

<oC 


c= 


1 


100 *xVl 2 xl 0 2 


C= -^=fiF = -^= = 9.2|xF 
Wl 2 jtV3 

57. b. Here, X l = (qL = 2/r/L = Irc'K 50 x 1 = I00;rf2 
1 1 1 




coC 2 jtfC 2^x50x10x10" 


=—n 
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So, 


So, 


X= X L -X C = 100/r- — a 10 2 

K 


ff 4 -10 


n 


Cl 


zWrt 2 +X 2 = IXI=10 4 p° * 86 ]n 


i.e., 


z= — n=4.47 n 
n 


58, a. Prom Klrchhoff *s current law, 

/ 3 = /, +/ 2 = 3slna>f + 4sin(ra/ + 90°) 

■ V3 4 + 4 2 + 2(3)(4)cos90°sin (aw + ^ 

' . . 4 sin 90° 4 

where tan 6 =-= - 

3+4cos90* 3 

1 5 = 5sln(a>/ + 53 6 ) 

59. b. ff = $ijslntw 

If /= l m sln(ax - <p) then 


vc=(^)/»sl 


sin(fiM-^-7r/2) 


And v L =( at ) l m slnfaw - tfi + nil) 

So, v c + v l + v h ~ sin 0)t 

0+v A = e§ sin at 

Vg = £$ sin at 

, 1 
ah - 

also tan Q =-= 0, so l = l,„ sin at 

A 

Hence answer is (b), 


- 1 *-*)'* * • * 
60. d. When capacitance is removed 
a>L 

tan 6= -or coL- 100tan60 6 

R 


When Inductance Is removed 
tan <p- 


—J— or = = 100 tan 60° 

(aC)CR) aC 


So 


z= R=100CI 
i=v/R=mnoo=2A 
Power P= l 2 R = 4 x 100 = 400 W 
61. a. Current leads e.m.f. so the circuit Is R- C. 
tan 0 = x c / R , 0=45®, R = 1000 ft, a= 100 


C=? 


Since tan 45° --So C = 10 11 F. 

aCR 


0) 




62. d. From the rating of the bulb, the resistance of the bulb can 
be calculated. 


R= -aa-Bioon 
P 


220 V, SO Hz 
—©■- 


I A 

—'rtnr—vwv— 

l R- 100 n 

Fig. 10.77 

For the bulb to be operated at its rated value the rms current 
through it should be 1A. 

Also, / m -V 


200 


. Ls £ h 

N /l00 4 + (2/r50L) 1 ‘ * 

63. a. According to the given problem, 

. V_ v 


and, x 


Z [R' + d/Ca) 1 ] 1 '* 
V 


(D 


2 “ [R* + Q/Ca) 2 ) in (,i) 

Substituting the value of / from equation (i) in (ii), we get 
41 1 1 _ »2 9 




CV 

1 


R 2 +- 


CV 


= ** 2 


c 2 a 2 5 


„ , X (\/Ca) 
So that — = —~~ 
R R 


.(iff. 11 

R V5 


64. b. V m> = Vl6 2 + 20 1 = 25.6 V 

65. c. / = 3 sin a* + 4 cos cot 


=s [i 


slnrw +jeostat 


= 5[sin(ty/ + ^)] 


rms value = —?= 

v/2 

],* 


Mean value = 


)* 


The initial value is not given hence the mean value will be 
different for various time intervals. If voltage applied is 
V = V m sin cot then / given by equation (i) indicates that it is 
ahead of V by S where 0 < 8 < 90 which indicates that the 
circuit contains R apd C. 
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66. a. v = v 0 sin(flY + ^r/4) = v 0 cos (cot- kI 4) 


K 


Fig. 10.78 

Since V lags current, an inductor can bring it In phase with 
current. 

67. b. 

1 


f h 


V 

l 


c(x c ° ioon) 


200 V I 


■(ioo)n a i (A',.- 2 oon) 



Fig. 10.79 

,-.^-200 = 2A 

" R 100 


r= 


200 


x t -x c ioo 


= 2 A 


71. d.Since, cos& = — 

Zr 


//?_8_ _4 

72^10 5 


(Also cos 0can never be greater than 1) 
Hence (c) is wrong. 

Also IX c > IX L => X c > X L 
current will be leading. 

In an LCR circuit. 


V= V(v t -v c ) 2 + vJ -V(6-J2) 2 +8 J 

V=< 10; which is less thon voltage drop across capacitor. 
72. c. [f we have all R, L and C then / vs. Fwill be 
To obtain a leading phase difference of /tf4. 


l)Xc 


_ m 

E 

"IX,. 

Fig, 10.80 

If X h < X c and we use all R s L and C in the circuit, then tho 
resultant graph will be 



Fig. 10.81 


i= -Jil + r 2 = i-h a 

68. c. Resultant voltage = 200 V 

Since V, and V 2 arc 180° out of phase, the resultant voltage 
is equal to V 2 . 

/. V 2 = 200 V, 

69. c. The circuit will have inductive nature if 


0 > 


•Jlc 


o>L > 


Jlc 


Hence (a) is false. Also, if circuit has Inductive nature the 
current will lag behind voltage. Henee (d) is also false. 


If (0 = 


1 


■Jlc 


0)L - 


1 

0)C 


the circuit will have resistance 


nature. Hence (b) Is False. 
Power factor cos0~- 


■ = 1 




1 


It d)L = — . Hence (c) is true. 
Q)C 


70. c. X L = X c at resonance 


—- = 1 for both circuits. 


which can give a leading phase difference of tz!A. 

Similarly, if we have only resistance and capacitor then we 
can obtain a phase difference of tz!A (leading) for suitable 
values of /, X 0 and R . But we cannot obtain a leading phase 
difference of riA if we use only capacitor (phase difference 
of /i/2), or only (inductor and resistor) (phase difference 
or only resistor (phase difference of 0). 

73. a. 
i. 


Va 3-rv-^l, 
774 ' T 




Wo 

T 



1/2 


ii 

V3 


74. d. < V > 

































Alternating Current 10.39 


75. b. 

(O^A )+<0.5) 2 

or/ m ,= iA = 0.5A 

76. b. 


/= 


1 


2Xy]LC 0 


and/- 50 = 


2/t-jLC 


Given/= 100,000 Hz 
/-50 


Hence■ 


/ 




K=C = 

Co 


f 


C 

\2 


f-fo) 


= 1.01 


Multiple Correct 
Answers type 



$.i. 


: r . . I ■■ "T ' ■ U - - :.J 1 ■ 


1. a,,b,,c. 


Z= R at resonance 
E V =I V R =9 Iy =4r 

*l=Xc 

co= -i = ^xl0 3 


2. a,,c. When/= 1000, eo~-^- = WL 

wc 

wi 

- 

1 

WC 

Fig. 10,82 

When/= 900, — > WL and current leads voltage hence it 

WC/ 

behaves like capacitive V c and L l differs by it 

3. b.,c. 

R _ R R di 1 
L ~ V /(di/dt) ~V dt~ dt~ f 


J__ _V_ = | = 1 
7?C Rq q t 

1 _1_ 

VZC V[(W//rfr)x(^/V’)] 

-_!_ = 1 = y 

V[(^/di)x(dr/A)] dt 

4, a.,b.,c, 

H = l l Rt! 4.2 (Heat produced in a conductor, is 
independent of the nature of current If the current flowing 


in a conductor changes its direction, then also heat being 
produced in it will not change). Hence, (a), (b) and (c) are true, 
5* a», b., e* 

The frequency 


f -±pi-± r jz 

2it\LC 2# V 6 X10" 6 
The current at resonance is 


= 65 Hz 




The quantity V 0 = 7\//? 2 + (toL) 2 

= 40^25 + (0.6x2;rx65) 2 =9.8kV 


V'i 


7 

coC 


40x10 s 

2^x65 


= 9.8 kV 


6. b., c. 

Let /, and I 2 be currents through B ] and B v 


Then 7, X y//? 2 + *£ = 220 

7 k _ Jr^+xI -y/fl 2 +Q/6JC) 2 

7 i 4 Rl + x l \Ir 2 +{0)L) 2 

■y//? 2 +40 
Vt? 2 +9.87 

So ^ > /| 

Bulb Z? 2 will be brighter than . As the frequency increases, 
decreases while increases, so / 2 becomes less than 7|, 
Hence the brightness of B { will increase and that of B % will 
decrease. 


7, a«, d< 

Let voltage across resistor, inductor and capacitor be V Ri V L 
and V Cl respectively. 

Then, V 2 +vl = V 2 

And, Vr + V? = V 2 

V„ = 50V , V L = 86.650V 

\V L -V C \ = V 2 =>V C = 186.65 V 
Power factor of the circuit is 


cos <p - 


- }i = _5p_ = A 


130 13 


As V c > V L t so the circuit is capacitative, 


Assertion-Reasoning 

Type 


1, a. For certain values of cos 0(power factor) two values of 6 
are possible. One is positive the other is much negative. 
Accordingly,‘the applied e.m.f. may lead or lag. 
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2. d. The maximum value of rms current = 

Z 

not depend upon co. 

* ^ VI cosd> 

3 ‘ C ‘ P " y ~2 

At resonance condition cos 0= 1 
But Z=R 
Which is minimum. 

4. b*LR circuit 


—. It does 
R 


CR circuit- 




Fig* 10.84 

5. b. For half cycle / mciin = 0.636/ 0 

= 0.636 

Average value is always defined over a half cycle cause in 
next half cycle it will be opposite in direction. Hence for 
one complete cycle, average value will be zero. 

6. u. At resonant.frequency 

X L - X c Z-R (minimum) 

Therefore, current in the circuit is maximum, 

7. c. Voltage will be added vectorially. 


CO* Oareu for AC. 


~r 



% 

J l 2 dt 


| /o sin 2 cotdt 


0 


0 


T 


2 n !(0 


J dt 


J dl 


_ 0 


0 



A 


9. c. Rate of heat generated depends on time. 

10. b. Average power consumed by capacitor or inductor is zero. 

11. b« Motion of electron is random with drift velocity opposite 
to the direction of current. 

12. a 



y y 0)L* 

13. c. tan 0= -s-ffiC. 

R R 

When X L > X c then tan 0 is positive, i.e., <j> is positive 
(between 0 and nil). Hence e,m,f, leads the current, 

14. b. Like direct current, alternating current also produces 
magnetic field. But the magnitude and direction of the field 
goes on changing continuously with time. 

15. c. Both ac and dc produce heat, which is proportional to 
square of the current. The reversal of direction of current in 
ac is immaterial so far as production of heat is concerned. 

16. d. Statement 1 is false because the given relation is true if all 
voltages are instantaneous. 

17. d. In resonance condition when energy across capacitor Is 
maximum, energy stored in inductor is zero, vice versa is 
also true. Hence, statement 1 is a false. 


Comprehension 

Type 


For Problems 1-3 

1. 2. b., 3. h. 

Sol. 1. As in case of ac, 

/ 0 I = 0,2 AaV = V 0 sin 

The peak value V 0 = 220>/2 = 311V 
and as in case of ac, 

V a ^ . V = 220 V 

v nns —=; Y nm v 

V2 

2. In case of ac, 

v w - — Vn = — x 3 i i = 198,17 V 
n k 

314 

3. As 22xf= 314 i.e,, / = -— = 50Hz 

2 x;r 

For Problems 4-5 

4. b M 5. a. 

Sol. 4.As the equation of the saw-tooth wave shown in Fig, 10.65 
will be 
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This gives us the equation for the function of one cycle. 



9. Mean square value 



For Problems 6-7 


6. a., 7. b. 

Sol. For finding the average value, we would find the total area of 
the trapezium and divide it by /r(as shown in Fig. 10.66). 

Area= 2 X AOAE +rectangle ABDE 

= 2x(\l2)xF,„a+(n-2a)F m ={tt-a)F in 


Average value = {Jt-a)F m ln 
rms value: From similar triangles, we get 


y. _ fj>L 

e ~ a 


or, 


y 2 =-f0 2 
a 1 


This gives the equation of the signal over the two triangles 
OAE and DBC. The signal remains constant over the angle a 
to (it - a), i.e., over an angular distance of (x- a) - a 
= (k- lot). 

Sum of the square 




The mean value of the squares 



For Problems 8-9 
8.d., 9. a. 

Sol. 8 .The slope of the curve AS is BCIAC-2QIT. Next, consider 
the function y at any time /. It is seen that 

DE __ BC 10 
AE ~ AC ~ T 
(y-10) = 10 
t ~ T 


, AA , 100/ 3 , 100f 2 

100/+ —T- +- 

3T 2 T 


700 

3 


rms values 10V773 = 15.2 

For Problems 10 -11 

10. b., 11. a. 

Sol. Here, 


f 


So, 

z= 

So, 

007= 

and 

(b) 


V 220 
Z " 67.02 

R 


= 3.28A 


i ( 21 * 

l 12 


= tan -1 (5.5) = 79.7° 


i.e., the current will lag the applied voltage by 79.7° in phase. 

For Problems 12-13 
12. a., 13. c. 

V 

Sol. In case of a coil, i.e., L-R circuit, / = — 

Ju 


with 


z ~ V /? 2 + x 2 = V * 2+ <®£) 2 

So when dc is applied, 
co-0 , so, 2 = R 

and hence, / = ~ 

R 

i.e., fl=y = ^p=100fl 

and when ac of 50 Hz is applied 

V . „ V 100 
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but, Z= Jr 2 +(o 2 I} 

i ,Q.,eo 2 l}=Z 1 -R 2 ■ 

i.e., (2 nfL) 1 = 200 2 -100 2 = 3 x 10 4 (as o=Inf) 

So, L= N ^ XlQ2 = "H = Q.55H 

2;rx50 ft 

For Problems 14 -17 

14* Ei«p 15. di) 16. bij 17. d.j 

Sol. 14. As this circuit is a series LCR circuit, current will be 
maximum at resonance, i.e., 

l ° 5 A! 

: = — rad/s 


co= 


_J_1_ _Ur 

TiC ^(4.9 x iO^KlO -6 ) 7 


., , Vm 10 1 . 

W,th> 7 “" T “ (32 + 68) = To A 

So the impedance, Z P =[R? +(1 /CoC) 1 ]' 12 

= 75924 = 77 n 

15. Z Q =[RZ+(C0L) 2 ]' n 

= [(68) z +(4.9xl0' 3 x]0 3 /7) 2 f 2 

= 79524 = 97.6 n 

16. V P = IZ P =^x(77) = 7.7V 

17. Vq = IZq = ^- X (97.6) = 9.76 V 

For Problems 18-20 
18. b., 19. a., 20. c. 

So). 18. At resonance as X - 0, 

7^^‘a 

R 120 2 

as V, = IX.^lcoL, L = ^- 
L 1 ■ ICO 


So, L= L = 


40 


(!/2)x4xlO s 


- = 0.2mH 


l „ 1 

"r=. C = ■ 


71c 

i.e„ C=-^-rr = il lF 

0.2xl0" 3 x(4xl0 5 ) 2 32 r 

Now in case of series LCR circuit, 

X L -X C 

tan 4= —--- 

7? 

So current will lag the applied voltage by 45° if, 


tan 45® = 


o>L -- 

o)C 


1X120 = coxlxW 4 - 


1 


ffl(l/32)xl0" 


<» 2 -6xlO 5 a>-16xl0 ,o = O 


6xl0 5 ± J(6xl0 5 ) 2 +64x10 

i.e., co- -^— - 

2 


io 


i.e., <0= 


6xl0 5 +10xl0 5 


= 8xl0 5 rad/s 


For Problems 21 - 22 
21. c., 22. b. 

Sol, 21, In case of a coil as Z = 7 t 5 2 + fl> 2 i 2 

, V V 

i,e„ /= — = 


So when dc is applied as <0= 0, 

V 12 

/=-, i.e. = ^ = 

R 4 

and when ac is applied, 

■4 - KtMSH" 

7? 2 + 77 2 = 5 2 (as Z = <Jr* + xI) 

So, 

x\ =5 2 -7f 2 =5 2 -3 2 = 4 2 , i.e., X L =412 

but as, X l =cdL> L = — = -|- = 0,08 H 
co 50 

22. Now when the capacitor is connected to the above circuit in 
series, 

x = -L =-1 =I2l =8 n 

c ttC 50X2500X10 -6 125 

so, Z= yjtf+iX^-Xc) 2 


= 73 2 + (4-8) 2 =511 


V 12 

and hence, / = — = — = 2.4 A 
Z 5 

So, P av — ^rms^nms 0 = (^nrn XZ)X /p, ^ 

i*e.. /> = ^rms^ = (2.4) 2 x3 = 17.28 W 
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' For Problems 23-24 

23. fl., 24. a. 

Sol. 2? = (xc - x L f + R 1 = (31.85 - 6,28) 2 + (50) 2 
= 3153.675 

_100*50_ 

P - { z 2 J “2x3153.675. 

Heat produced in 20 min = (P) (20 x 60) = 951.27 J 

24. x c -x L =31.85-2(6.28) = 19.29 


Hence, / = 0.52 sin (314 / + n/2) 

= 0,52 cos 314/ 


Matching Column 
Type 


1. p* c; q. a.; r. d.; s, -> b. 
a. For sinusoidal curve =^j=’ 


T 7/4 

| i 2 dt 4 J / 2 <rt 



r/4 7 



,2 774 .2 

-r4 *'4 -i -A. 

" (7/4) 3 J 0 3 ~ ^2 

For positive half cycle average current 

_ J M ^ l/2(t 0 )(7/2) ip 
“ j dt = C7-/2) C 2 


Full cycle average current is zero. 

c. For positive half cycle average current 

_ _ ip (7/2) . 

= JjT 7/2 10 

d. For full cycle average current 

J'* 4i(r/2)+o t, 

~! d,~ T -2 
2. p -> b.,c.; q. -> a.,d.; r -» a.; c.,s. -»b.,d. 


a. tana) = 


l/a>C 


K 

<p = — , current leads source voltage 


because reactance is capacitive. 


n 

b Pure inductive circuit 0= —, current lags behind source 

2 

voltage because reactance Is inductive 
<u as R = 0, tan 0= «> 

0 = nil, current leads source voltage because reactance 
is capacitive 

d tan 6 = — = 1 => 6 = — , current lags behind source 

/? 4 

voltage because reactance is inductive 
3. p. -> b;, d.j q. -> a.; r. -> a.; s* b., c. 

Inductive reactance 

1 1 




2*x50x —xlO -4 
n 


ft=iooft 


Impendence of the circuit is 

2= ■jR i HX L -X c ) i = 137.93 ft 


RMS value of the current through circuit is 
220 

/= -= 1.594-1.6 A 

z 

RMS valuo of voltage drop across the capacitor is 
v c = /X c = 160 V 

Average power.disslpated in the resistor is 

P M = V H 1 cos <p = (IR) /x — = 185.6 W 

z 

Average power dissipated in inductor and capacitor would 
be zero. 


4. p. a.,b.;q.-> c.; r. -> a,, b., c., d.; s. -» d. 

Depending on the value of L, C and R t circuit would be either 
capacitance, Inductive or purely resistive. 

For LR series circuit, the phasor diagram is as shown 
below 



Fig. 10.86 

I lags voltage by an angle $(< nil), 

/ lags V L by an angle n/2. 

For RC series AC circuit, I leads V by an angle less than n/2. 
For LCR series AC circuit, the phasor of diagram is as: 
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<e) 

► ■ i 

Fig,. 10^87 

P 1 ^ a.,b^c.,d.j g. —> a.,c.j r. -> il, b<4Ci| d.; s> —y c, 
a., V\+V\<= V 1 => V R = f50.V 

V%+V} L =y] => ■ V L ='50V\ 

V 


\v L -v c \=v 2 

V c = 250 V 
, 150 3 

COS 6 = -3- =-= - 

V 250 5 
V c = V = 250 V 
And V%+Vl= 250 s 

Vi = 150 V 
V L = 200V 

Power factor can be computed by determining the net 


reactance, 
c. V H - l/ 3 = 150 V 


v\~vl+v\ 

'l 


vU vUvl 


C T v H 

150 3 

cos as -=- 

250 5 

V„= V=250V 


V t =50V 
V c =250 V 


W 





. ,0 


/ 
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EXERCISES 


Objective Type 


Solutions on page A 2.31 


1. A source of constant potential difference is connected 
across a conductor having irregular cross section as shown 
in Fig. A2J. 



Fig.A2.1 

a. Electric field intensity at P is greater than that at Q 

b. Rate of electrons crossing per unit area of cross section 
at P is less than that at Q 

c. The rate of generation of heat per unit length at P is greater 
than that at Q 

d Mean kinetic energy of free electrons at/* is greater .than 
that at Q 

2. Current-voltage characteristics of two elements A and B are 

as shown in Figs. A.2 and A 1.3 



10 y 15 y 

Fig. Al,2 Fig. A1.3 

Which of the following graphs represents current-voltage 
characteristics for their series combination? 





3. In the given network (Fig. A2.4) the batteries getting 
charged are 

2on 50 )5v (?) 



rAM/Wv— 

—WWW— 

- h -1 

20 V - 

r © 

4 A 

L5V 

5 V 

- © 

© 

' 9A © 


8 A 


Fig. A2.4 


a. 1 and 3 b* 1,3 and 5 * 

c. 1 and 4 tL 1,2 and 5 

4. When a galvanometer is shunted with a 4 ft resistance the 
deflection is reduced to 1/5. If the galvanometer is further 
shuDted with a 2 £2 wire the new deflection will be (assuming 
the main current remains the same) 

a. 5/13 of the deflection when shunted with 4 ft only 

b. 8/13 of the deflection when shunted with 4 ft only 

c. 3/4 of the deflection when shunted with 4 ft only 
& 3/13 of the deflection when shunted with 4 ft only 

5. When the key k is pressed at time t = 0, which of the 
following statements about the current 1 in the resistor^ of 
the given circuit is true? 



i kn 


Fig. A2.5 

a. 2 mA at all time 

b. oscillates between 1 mA and 2 mA 

c. 1 mA at all time 

& At2 mA and with time it finally reduces to 1 mA 

6. Two electric bulbs rated P { and P 2 wart at V volt are 
connected in series across V volt mains, then their toral 
power consumption P is 

fl .(P,+P 2 ) b. JWi 

c. P, P 2 /(P, + P 2 ) <L CP, + PiVPjP, 

7. In the given circuit (Fig. A2.6), with steady current, the 
potential drop across the capacitor must be 


- 11 - 

V ,| 

-WWW/—| 

C 

r 

u 

11 

2V 

2 R 

-i — 

-VWlM/—1 


Fig. A2.6 

a, V b. V/2 

c. VO ± 2V/3 

8. The potential difference between points A and A2. in 
Fig. A2.1 is 

6V 20 9v 0.70 

—■— 11 —.—vwwy—|i—www—*—* 

A B 

Fig. A2.7 

a. 3 V b. 15 V 

c. -5.1 V A +5.1 V 


























































9. The resistances in Wheatstone's bridge circuit as show 
the Fig, A2.8 have different values, The current through the 
galvanometer is zero, If all thermal effects are negligible, the 
current through the galvanometer may not be zero, when 



a. the battery e.m.f, is doubled 

b. the battery and galvanometer are interchanged 

c. all resistances in the circuit are doubled 

d all resistances in the circuit are interchanged 
10. In the circuit shown in Fig. A2.9, P * R The reading of 
galvanometer is same with switch S is opened or closed. Then 



a * Ir ~Iq b. 7 p-Ifi 

c- ?q = Ig d* 

11* Two cells A and B of electromotive forces 1.3 V and 1.5 V, 
respectively, are arranged as shown in Fig. A2.I0. The 
voltmeter (assumed ideal) reads 1.45 V, the internal 
resistances of cells A and B arer, andr^, respectively. Which 
of the following is correct ? 



t>.r A =2r B b. r A = 

c.r B = 2r A ±r B = 2r A 

12, In the circuit shown in Fig. A2.11, the battery E x has an 
e.m.f of 12 V and zero internal resistance^ while the battery 
Et has an e.m.f. of 2 V. If the galvanometer G reads zero, then 
the value of the resistance Y is 



Flg.A2.ll 


a. ICO lx 100ft 

c. soon d 200a 

13. The circuit shown in Fig. A2.12 is used to compare the e.m.f.s 
of two cells, E { and£ 2 (E Y > E^ The null point is at Cwhen 
the galvanometer is connected to E |. When the galvanometer 
is connected to E 2t the null point will be 



Fig. A2.12 


a. to the left of C b. to the right of C 

c. at C itself d. nowhere on AB 

14. Two cells of e.m.f.s E\ and E 2 and of negligible internal 
resistances are connected with two variable resistors as 
shown in the Fig. A2.13. When the galvanometer shows no 
deflection, the values of the resistances are P and Q. 



Fig. A2.13 

What is the value of the ratio E 2 iE{} 

P L P Q P + Q 

a. — b. —— c. ^ d -=. 

Q P+Q P+Q P 

15. The Wheatstone’s bridge shown in the Fig. A2.14 is 
balanced. If the positions of the cell C and the galvanometer 
G are now interchanged, G will show zero deflection 



Fig.A2.14 
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a. in all cases 

b. only if all the resistances are equal 

c. only if = R 3 and R 2 = R* 
d only ifi?i/J ?3 = R 2 /Ri 

16. In Fig. A2.15, two cells have equal e.m.f. E but internal 
resistances are and r 2 . If the reading of the voltmeter is 
zero, then relation between R, r> and r 2 is 

I-®—I 



-WM- 

Fig. A2.1S 

a.R = r { -r 2 b.R = r l + r 2 

c-2 r { -r 2 d /•, r 2 

17. A constant voltage dc source is connected, as shown in 
Fig. A2.I6, across two resistors of resistances 400 k£l and 
100 lc£2. 


—o o- 

1000 V 
dc supply 



100 kQ 


—sAAAAA- 

400 O 


ioo a 


Fig. A2.16 


What is the reading of the voltmeter, also of resistance 
100 left, when connected across the second resistor as shown? 
a. Ill V b. 250 V 

c. 125 V d. 333 V 

18. In the given circuit (Fig. A2.17) in which case will the 
ammeter reading not change when R 2 is varied? 



a. R { =r b. R { = 2r 

c<R { >R 2 dr=0 

19. An ammeter and a voltmeter are joined in series to a cell. 
Their readings are A and V y respectively. If a resistance is 
now joined in parallel with the voltmeter, then 

a. both A and V will increase 
h both/1 and Fwill decrease 
c. A will decrease, Fwill increase 
d A will increase, V will decrease 

20. AA2. is a wire of uniform resistance. The galvanometer G 
shows in Fig. A2.18 that no current flows when the length 
AC = 20 cm and CB = 80 cm. The resistance R is equal to 


R 800 


—AAA 

A/-1 

—©— 

-AWV— 

c 

:ii 


Fig. A2.18 

a. 2ft b. 8ft 

c. 200 d.40 

21. A capacitor of capacitance C is connected to two voltmeters 
A and B (Fig. A2.19). A is ideal, having infinite resistance, 
while B has resistance R. The capacitor is charged and then 
the switch S is closed. The readings of^t and B will be equal 



Fig. A2.19 

a. at all times b. after time RC 

c. after time RC in 2 d only after a very long time 


22. The equivalent resistance of the combination across Ab 
(Fig. A2.20) is 



b. 3+717 


3 + n/17 

C. - 


A 2(3 + n/T7) . 



Fig.A2.20 

23. The capacitor shown in Fig. A2.21 is in steady state. The 
energy stored in the capacitor is 


R R 



a. CPR 1 b. 2 CI 2 R 2 

c. ACPR 2 d None of the above 

24. Charge on the capacitor having capacitance C 2 in steady 
state (Fig. A2.22) is 
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r 1 —W\A~ 
R 


R 

-wa- 


V 

Fig* A2.22 


a* Zero b. (Q + C^V 

c. QV (L QV 

25. An 80 pC charge is given to the 4 pF capacitor in the circuit 
shown in Fig. A2.23 so that the upper plate A is positively 
charged. An unknown resistance R is connected in the left 
limb. As soon as the switch S in the central limb is closed, a 
current of 2 A flows through the 2 Cl resistor in the central 
limb. The capacitive time constant for the circuit is 


R 



Fig. A2.23 

au 56 ps b. 8 ps 

c*200ps d. 40 ps 

26. In the given circuit (Fig. A2.24), when key K is open, reading 
of ammeter is /. Now key K is closed then the correct 
statement is 


rWn—VWV 


i—WVv-1-1 

L| I— a^% —' ® 

I*. v 


Hi- 

Ej 

Fig. A2.24 


a. If £ ] < IR, reading of the ammeter is less than I 
h If JR < , reading of the ammeter is greater than I 
c. Iff | <2IR> reading of the ammeter will be zero 
d Reading of ammeter will not change 
27. In the circuit shown (Fig. A2.25), the batteries have e.m.f. 

= E 2 = 1 V, = 2.5 V and the resistance R y = 10 Cl , 
R 2 =20 Cl, Capacitance C= 10 pF. The charge on the left plate 
of the capacitor C at steady state is 



a. +2 pC b. —4 jaC 

c. -5pC d + 12 pC 

2 $> In the circuit (Fig. A2.26), the galvanometer G shows 2ero 
deflection. If the batteries A and B have negligible internal 
resistance, the value of the resistor R will be 


500 a 

-WW 


12 v 



zr 2 v 


Fig. A2.26 

a. 500 Q b. 1000 Cl 

c.200 Cl d 1000 

29. A voltmeter with resistance R v = 2500 Cl indicates a voltage 
of 125 V in the circuit shown in Fig. A2.27. What is the series 
resistance (R) to be connected with voltmeter in this circuit 
so that it indicates 100 V? 


■(E)—ww 




Fig. A2.27 

a. 62SC1 b. 120 Cl 

c. 550C1 d. Data are insufficient 

30. Fig. A2.28 shows a battery with e.m.f. 15 V in a circuit with 
7?! = 30i2,^ 2 = 10 ^=20 Q and capacitance C= LOpF.The 

switch S is initially in the open position and is then closed at 
time / = 0. What will be the final steady-state charge on 
capacitor? 





c lOpC d None of these 

31. A conductor of resistivity p and 
resistance R y as shown in the 
figure, is connected across a 
battery of e.m.f. V. Its radius varies 
from a at left end to b at right end. 

The electric field at a point P at 
distance x from left end of it is 



Fig. A2.29 


V^p 


2 V?p 


c. 


7tR(Sa+(b-a)x) 2 

Vfp 

2nR{fa + {b-o)xf 


xR(fa +(b+a)x) 


d None of these 
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'32. A piece of conducting wire of resistance R is cut into In 
equal parts. Half the parts are connected in series to form a 
bundle and remaining half In parallel to form another bundle. 
These bundles are then connected to give the maximum 
resistance. The maximum resistance of the combination is 



33. In the circuit shown in Fig. A2.30, if the switch S is closed at 
/ = 0, the capacitor charges with a time constant 

C R 


35. In the given circuit (Fig. A2.32), the potential difference 
across the capacitor is 12 V. Each resistance is of 3 O. The 
cell is ideal. Thee.m.f. of the cell is 



vwwv— 


iWAV 

2 R 




-^v 

s 


Fig. A2.30 

a. RC b. 3 RC 

c. |*C <L/?Cln|j) 

34. A metal wire of length L and radius r is made of copper and 
aluminium contributing equal lengths (Fig. A2.31). This wire 
is now coated by nickel till the radius of wire becomes R . If 
t specific resistances of these materials are p^ p M and the 

equivalent conductance of the system across the length will be 


a. 15 V b. 9 V 

c. 12 V d. 24 V 

36. A battery of internal resistance 4 O is connected to the 
network of the resistance as shown in Fig. A2.33. If the 
maximum power can be delivered to the network, the 
magnitude of resistance in O should be 


2 R 



IR 


Fig. A2J3 



Fig. A2.31 


fir 2 


a. 


b . * 


n 

c. — 
L 


I 1 R 2 

■ + — + - 


Pc* Pt u r Pw 

V /■ 2 2t R 2 -? 1 ) 

- +—+ — - - 

Pc \i Pa\ r Aji 


2 (R 7 -r z ) r 2 
Pcm +Pa) Pw 


a. — a 
21 


84 _ 

b. -—Cl 
19 


c. 120 d. 70 

37. Find the effective resistance between A and A2. 



Fig. A2.34 

a. 20 b. 1 Cl 

c. 8/70 d. 70 


cL 


L ^Pcu + Pb\ 



38. Amillnammeterof range 10 mA and resistance 90 are joined 
in a circuit as shown in the Fig. A2.35. The meter gives full 
scale deflection, when current in the main circuit is 
I and A and D are used as terminals. The value of/is 
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a. 1.09 A b. 10.9 A c. zero <L 0.109 A 

39. A potential of400 V is app\ied at the point A. The value of 
resistance R { - 1000 O, R 2 = 2000 O and = 1000 O are 
connected between points A and G as shown in Fig. A2.36 
Point G is earthed. The measured potential difference by an 
ideal voltmeter connected across R 2 is 



~ G 


Fig. A2.36 

a. 100V b. 200V c. 300V d 400V 

40. In the given circuit (Fig. A2.37), the potential difference 
across the 6 pF capacitor in steady state is 


12V i a 



Fig. A2.37 

a. IV b. 6V c. 3V d. 2V 

41. In the circuit shown (Fig. A2.38) the cells are ideal and have 
equal e.m.f,, the capacitance of the capacitor is C and the 
resistance of the resistor IsR. The switch X is first connected 
to Y and then to Z, After a long time, the total heat produced 
in the resistor will be 



L—Hi - 1 - aww - 1 

B R 

Fig. A2.38 

a. equal to the energy finally stored in the capacitor 

b. half the energy finally stored in the capacitor 

c. twice the energy finally stored iii the capacitor 

d. Four times the energy finally stored in the capacitor 

42. In the arrangement shown in Fig. A2.39 when the switch S 2 
is open, the galvanometer shows no deflection for t - L/2. 
When the switch S 2 is closed, the galvanometer shows no 

deflection for f L . The internal resistance (r) of 6 V cell, 
and the e.m.f E of the other battery are respectively 


ion 



Fig. A2.39 


a.30,8V h 20,12V c. 20,24V d 30,12V 

43. Calculate the energy stored in the capacitor of capacitance 
2 pF. The voltmeter gives a reading of 15 V and the ammeter A 
reads 15 mA 
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a. 5pJ b. 10|XJ 

c- 0.5 joJ d zero 

44. In the given circuit (Fig. A2.41), R { * R 2 &nd the reading of 
the voltmeter is same, irrespective of whether the switch S is 
open or closed. Then, which of the following is correct ? 


A 



a - ^ ~^v b. I^ 

c. - I y d None of the above 

45. V A - V B for Fig. A2.42 in steady state is 

A 



Fig. A2.42 

a. 4V b. 6V 

c. 5V d zero 

46. A hemi-spherical network of radius a is made by using a 
conducting wire of resistance per unit length r (Fig. A2.43). 
The equivalent resistance across OP is 



m(/r + 4) 
8 ” 

ra{n-\- 4) 
4 


, ra{K+l) 

b. --- 


d 


ra(jz+ 1) 
8 


47. In Fig. A2.44, the charge that flows from P to Q when the 
switch S is closed is 


5 v- 



=b3jtF 


2}lF 

Fig. A2.44 


a. 3 juC b. 6 pC 

c. 9juC d I5|iC 

48. In the circuit shown (Fig. A2.45), each resistance is 2 £2. The 
potential as indicated in the circuit, is equal to 



i-VWW- 1 

Fig. A2.45 


a. 11V b. -1IV 

c. 9V d-9V 

49. In the circuit shown (Fig. A2.46), the value of R in ohm that 
will result in no current through the 30 V battery is 


30 V 


—VWW 



ion 

Fig. A2.46 



a. ion b. 25 a 

c. 30Q d 40a 

50. In Fig. A2.47 the current flowing through 2 R is 



a. from left to right b. from right to left 

c. no current d. None of these 

51. In the circuit shown (Fig. A2.48), switch S 2 is closed first 
and is kept closed for a long time. Now 5, is closed. Just after 
that instant the current through 5, is 
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S, R, C S, 



£ £ 

a. — towards right b. — towards left 

R t & A 

. 2e 

c. zero a — 

*> 

52. Each resistor in the following circuit (Fig. A2.49) has a 
resistance of 2 m Q and the capacitors have capacitances of 
1 pR The battery.voltage is 3 V. The voltage across the 
resistorin the following circuit in steady state is 



a. OV b* 0.5 V 

c* 0.75V cL 1.5V 

S3. Initially* switch S is connected to position 1 for a long lime 
(Fig. A2.50)> The net amount of heat generated in the circuit 
after it is shifted to position 2 is 

C R 

!-II-WWV-1 



2 

Fig. A2.50 


a. = EC (1 - e^' iRC ) b. = £C(1 - e" wc ) 

c. g (l) = EC (1 - e- ,nRC ) 4 q (t) = BC{\ -e 3, ' wc ) 

55. The charge on the capacitor in steady state in the circuit 
shown (Fig. A2.52) is 


20 2pF 30 



Fig- A2.52 


a*0.5pC b IpC c. 2pC <L4pC 

56. In the circuit shown in Fig. A2.53 > AT is a potentiometer wire 
100 cm long. The circuit is connected up as shown. With 
switches S 2 and S$ open, a balance point is found at Z After 
switch S x has remained closed for some time, it is found that 
contact at Z must be moved towards Y to maintain a balance. 
Which of the following is the most likely reason for this? 



Fig* A2.53 


a. The cell V ] is running down 

b. The cell V 1 is running down 

c. The wircAZ is getting warm and its resistance is increasing 
& The resistor R x is getting warm and increasing in value 

57. In the circuit shown (Fig. A2.54), if switches S ) and have 
been closed for a long time, then the charge on the capacitor 


C 

a. -(£, +s 2 )e 2 b. 

c-yto+Sj) 2 4 C(£j +S 2) 2 

54. The switch S in the circuit diagram (Fig. A2.51) is dosed at 1 
= 0. The charge on capacitors at any time i is 



Flg.A2Jl 



Fig. A2.54 

a. islOOpC 

b. increases to 120pCifone-thirdofthegapofthecapacitors 
plates is filled with a dielectric (^=2) of same area 

c. both a. and b. 

d charge on the capacitor remains unchanged if one-third 
ofthegapofthe capacitors plates is filled with a dielectric 
(K = 2) of same area 
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58, The circuit shown in Fig, A2.55 consists of a battery of e.af. 
s ~ 10 V; a capacitor of capacitance C = 1.0 pF and three 
resistors of values R { = 2 (2, R 7 -2C1 and R^= 1 Cl. Initially, 
the capacitor is completely uncharged and the switch S is 
open. The switch S is closed at / = 0. Then 


*7 



$l the current through resistor R 2 at the moment the switch 
closed is zero 

lx the cunrent through resistor^ a long time after the switch 
dosed is 5 A 

c. the ratio of current through R } and R 2 is always constant 

d. all of these 

59. Fig. A2.56 (a) shows a circuit used in an experiment to 
determine the e.m.f. and internal resistance of the battery C. A 
graph was plotted of the potential difference V between the 
terminals of the battery against the current /> which was varied 
by adjusting the rheostat. The graph is shown in 
Fig. A2.56 (b); x andy are the intercepts of the graph with the 
axes as shown. What is the internal resistance of the battery? 




(a) (b) 

F1g.A2.56 

a. x b. y c. xly d y/x 

60. In the circuit shown (Fig, A2.57) what is the charge of total 
electrical energy stored in the capacitors when the key is 
pressed? 



Fig. A2.57 


cv 2 

a.- 

12 

5 CV 2 

c. - 

4 


b. 

<L 


7CK 2 

8 

3 CF 2 

8 


61. In the circuit shown (Fig. 
through 6 V battery. 

6 v 2n 

—11—WWVi 


4 v 

Hi- 


2 a 

■VWv— 1 


A2.58), calculate the current 


5 V 

Hh> 


4 Cl 

■AA/WHn 

B 


3ft 

-VWA- 

Fig. A2.58 

- a. (1/4) A b. (1/8) A 

c. (1/2) A d none of these 

62. In Fig. A2.59, points A and A2. are connected by a perfectly 
conducting wire. Calculate the current through AB 


2n , 
—VVWv— 

4 in 

--wMr-, 


—WWW 


\n 0 2 0 

4.0 V 


Fig. A2.59 


a. 2 A b. 1 A 

c. 1.5 A d 2.5 A 

63. In the potentiometer arrangement (Fig. A2.60), the driving 
cell A has e.m.f.- e and internal resistance r. Thee.m.f. of the 


cell B is to be rechecked has e.m.f. - and internal resistance 

2 


2n The potentiometer wire CD is 100 cm long. If balance is 
obtained, the length CJ = l is 


+ 


A 


A/WW 


c 


/ 


i J 


D 


-f^i-v\AM-0 

B 

Fig. A2.60 

a. /=50cm b />50cm 

c. / < 50 cm d Balance cannot be obtained 

64. In a practical Wheatstone's bridge circuit (Fig. A2.61), when 
one more resistance of 100 £2 is connected in parallel with 
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unknown resistance x> then the ratio l { / 1 2 becomes 2. /, is 
the balance length. AB is a uniform wire. Then value of x 
must be 


copper strip 



a. 50Q bi 1000 c. 200Q d4G0a 

65. To get the maximum current through a resistance of 2.5 Q t 
one can use m rows of cells, each row having n cells. The 
internal resistance of each cell js 0.5 ft. What are the values 
o fn and™, if the total number of cells (s.45? 

a. 3,15 b. 5,9 c;'9f5 d 15,3 

66. Two circular rings of identical radii and resistance^ f 36 ft 
each are placed in such a way that they cross each other’s 
centre C ] and C 2 as shown in Fig. A2.62. Conducting joints 
are made at intersection points A and B of the rings. An ideal 
cell of e.m.f. 20 V is connected across AB. The power 
delivered by cell is 



a. 80 W b. 100 W c. 120 W d 200 W 

67. Circuit for the measurement of resistance by potentiometer 
is shown in Fig. A2.63. The galvanometer is first connected 
! at point A and zero deflection is observed at length PJ = 10 
cnrL In second case, it is connected at point C and zero 
deflection is observed at a length 30 cm from P, then the 
unknown resistance X is 



Fig. A2.63 

6.3R 


68. Which of the following circuit (Fig. A2.64) gives the correct 


value of resistance, when computed by using R = — where. 

V and 7 are voltmeter and ammeter readings, respectively? 
The meters are not ideal. 


v\AAA——(2)— b. •" 


-ww—(2) * 




c. 


R 

-vVW^- 


d None of these 


Fig. A2.64 


69. Two ideal batteries having e.m.f E ) and E 2 arc connected as 
shown in Fig. A2.65. The value of resistances are chosen in 
such a way that ammeter reading is zero. The reading of 
voltmeter will be (consider the meters to be ideal) 



a. £, b .E 2 

c. In between E j and E 2 

d Nothing can be predicted about voltmeter reading from 
the given information 

70, A cell of e.m.f £and internal resistance r is charged by a 
current L y then 

a. the cell stores chemical energy at the rate of si 

b. the cell stores chemical energy at the rate of Pr 

c. the cell stores chemical energy at the rate of £e - i 2 r 
d storage of chemical energy rate cannot be calculated 

71- Two long coaxial and conducting cylinders of radius a and b 
are separated by a material of conductivity crand a constant 
potential difference V is maintained between them by a 
battery. Then (he current per unit length of the cylinder 
flowing from one cylinder to the other is 


4*<t t/ 

a. - V 

tn (b / a) 


h 


J^ELy 

(b/a) 


Inc „ 2 no „ 

c, - V d - V 

Zrt{bla) (b + a) 

72. 50 V battery is supplying current of 10 A when connected to 
a resistor. If the efficiency of the battery at this current is 
25%. Then the internal resistance of the battery is 


a. 2R 


b.R/2 


c.m 
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a. 2.5 Q, b. 3.750 

c. 1.25Q d. 50 

73. A battery is supplying power to a tape recorder by cable of 
resistance of 0.02 O. If the battery is generating 50 W power 
at 5 V, then power received by the tape recorder is 

a. 50 W b. 45 W 

c. 30 W d 48W 

74. In a Wheatstone's bridge, resistance P> Q and R are 
connected in the three arms and the fourth arm is formed by 
two resistances S { and S 2 connected in parallel. The 
condition for the bridge to be balanced will be 

(AIEEE, 2006) 
R 


P R(S { +S 2 ) 

Q 

P = 2 R 

C ‘ Q~ Sy+S 2 


b.^=. 

Q Sy +S 2 

4 P_R(Sy+S 2 ) 


Q SyS, 

75. Fig. A2.66 shows a meter-bridge set up with null deflection 
in the galvanometer. The value of the unknown resistor R is 

(AIEEE,2008) 


55 n 



a. 110 ft b. 55 Q 

c. 13.75 a d. 220Q 

76. A number of resistors are connected as shown in the figure. 
The equivalent resistance between A and B is 
3fl An 30 



Fig. A2.67 

a. 6a lx 12a 

c. 9 a d 15a 

77. In the circuit shown what is the change of total electrical 
energy stored in the capacitors when the key is pressed? 

C r 

-WSn -1 




K 


Hi- 


Fig. A2.68 


3CV 


1CV 


c. 


h 

d 


5CV 

4 

cv 2 


8 12 
78. In the given arrangement, the reading of ammeter is same in 
each case when either Ky or K 2 is closed. The reading of the 
ammeter is 

£ 



Fig. A2.69 


E x +E 2 

R 


E ,-£ 2 


c. data given is not sufficient d none of these 
79. The charge on the capacitor as in figure is 

2 v/ 0.5 n 



Fig. A2.70 


a. 2 |iC 
4 

C.-1.C 


bt \ HC 
d zero 


80. Find the potential drop across the capacitor in the given 
circuit. 


3 pF 


3 n 



a. 6 V 
c. 7 V 


h 6.5 V 

d none of these 
81. Find X so that ammeter reads zero in the circuit shown below 
600 n 

-AAA/ - t-@- 


^6V 


2 V 


Fig. A2.72 

a. 600 O b 300 O 

c. 200 a d 150 a 

82. Current flowing in a wire of a circuit is (2.5 ± 0.05) A whereas 
the potential difference across the wire is (20 ± 1) V. Then the 
resistance of the wire is 
a. (8±1)Q h (8±20)Q 

c. (8±0.56)O d8a * 
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83. A galvanometer may be converted into ammeter or voltmeter. 
In which of the following cases the resistance of the device 
will be largest ? (Assume maximum range of galvanometer 
= 1 mA) 

a. an ammeter of range 10 A ha voltmeter of range 5 A 
c. an ammeter of range 5 A da voltmeter ofrange 10 V 

84. The current-voltage graphs for a given metallic wire at two 
different temperature T, and T 2 are shown in the figure* Then 


t 



Fig. A2.73 

a. 7 , 2 >7 'i b.T 2 <T y 

c.T 2 = Ty d none of these 

85. In which of the following circuits the net resistance across 
terminals P and Q is maximum 



Fig. A2.74 

a. circuit (i) 

b. circuit (ii) 

c. both the circuits have the same resistance 
d insufficient data to decide 

86 . In the diagrams, all right bulbs are identical, all cells are ideal 
and identical. In which circuit (a, b, c, d) will the bulbs be 
dimmest? 




- 1 1 - 

d. 

-I'M- 

@ 

j] 


—©— 


Fig. A2.75 

87. For the circuit shown, a shorting wire of negligible 
resistance is added to the circuit between points A and A 2* 
When this shorting wire is added, bulb 3 goes out. Which 
bulbs (all identical) in the circuit brighten? 



Fig. A2.76 

a. only bulb 2 h only bulb 4 

c. only bulbs 1 and 4 d only bulbs 2 and^4 

88 . A wire has linear resistance p (in Q/m). Find the resistance R 
between points A and B if the side of the big square is d * 



a. £j= b 72 pd 

c. 2 pd d none of these 

89. The equivalent resistance of the circuit across points A and 
B is equal to (HT-JEE, 2007) 


a b 15 to 



a. 22.5Cl \x25a 

c. 37*5 Q d 75 Q 

90. The equivalent resistance between A and B in the 
arrangement of resistances as shown is 



Fig. A2.79 


a. 4t* h 3 r 

c. 2.5/' d r 

91. A capacitor of capacitance 10 |iF is charged up to a potential 
difference of 2 V and then the cell is removed* Now. it is 
connected to a cell of e.m.f* 4 V and is charged fully. In both 
cases the polarities of the two cells are in the same directions. 
Total heat produced in the complete charging process is 
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a lOmJ h 20 pi 

c. 40^J d 80mJ 

92. In the shown wire frame, each side of a square (the smallest 
square) has a resistance R. The equivalent resistance of the 
circuit between the points A and B is 



a .R h2R 

c. 4 R &ZR 

93, A spherical shell, made of material of electrical conductivity 

10 * 

— (Q m)" 1 , has thickness t = 2 mm and radius R= 10 cm. in 
n 

an aiTangemcnt, its inside surface is kept at a lower potential 
than its outside surface. 



The resistance offered by the shell is equal to 


a. 5;rxl0“ lz Q h 2.5x10“''p 

c. 5 x 10 _12 Q d 5xlO'"n 

94. Two cylindrical rods of uniform cross-sectional area A and 2A> 
having free electrons per unit volume 2 n and n, respectively, 
are joined in series. A current / flows through them in steady 
state. Then the ratio of drift velocity of free electron in left rod 

( y, ' 

to drift velocity of electron in the tight rod — 


r J 


2n- 




a. 1/2 
e. 2 


lx 1 
d 4 


95. A charge passing through a resistor is varying with time as 
shown in the figure. The amount of heat generated in time Y 
is best represented (as a function of time) by 





Fig.A2.82 

96. Two cylindrical rods of same cross-section area and same 
length are connected in series to an ideal cell as shown. The 
resistivity of left rod is p and that of right rod is 2 p. Then the 
variation of potential at any point P distant* from left end of 
combined rod system is given by 

< — - — i-* --— 

r f^ * p 0 2p ) ~l 




tU v 




Fig. A2.83 


97. The effective resistance between A 
and B of the shown network, where 
resistance of each resistor is R> is 


%R 
a. — 
11 

6R 
c. — 
5 



d none of these 



98. A potentiometer wire AB as shown is 40 cm long of 
resistance 50 Qlm free end of an ideal voltmeter is touching 
the potentiometer wire. What should be the velocity of the 
jockey as a function of time so that reading in voltmeter is 
varying with time as (2 sin Kt). 


to a 10 n 



h [Osrcosfttcm/s 
d 20 ;rcos m cm/s 


a 10 ;rsin nt cm/s 
c. 20 ;rsin ni cm/s 
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99. The relation between R and r (internal resistance of the 
battery) for which the power consumed in the external part 
of the circuit is maximum. 


R R 



c.R = 2r d. R=i.5r 

100, For the potentiometer arrangement shown in the figure, 
length ofwir zAB is 100 cm and its resistance is 9 Cl. Find the 
length AC for which the galvanometer G will show zero 
deflection. 

£=10 v 

r - | Q 


— d 

r = 2 H 

Fig, A2,87 

a. 66.7cm tx 60 cm 

c, 50 cm d 333 cm 

101. A resistance R = 12 Cl is connected across a source of e.m.f. 
as shown in the figure. Its e.m.f. changes with time as shown 
in the^raph. What is the heat developed in the resistance in 
the first 4s? 



Fig. A2.88 

A 72J B. 64J 

C 108 J D. 100 J 

102. If the switch at point P is opened (shown in the figure) 
choose the correct option 



a. the current in R y would not change 
b the potential difference between points and the ground 
would increase 


c. the current provided by the battery would increase 
d the e.m.f. produced by the battery (assumed to have no 
internal resistance) would change 

103. Figure shows a circuit model for the transmission of an 
electrical signal, such as cable TV, to a large number of 
subscribers. Each subscriber connects a load resistance R L 
between the transmission line and the ground. Assume the 
ground to be.at zero potential and to have negligible 
resistance. The resistance of the transmission line between 
the connection points of different subscribers is modeled as 
the constant resistance Rp The equivalent resistance across 
the signal source is 


R-i — 4 iQ 


C . yfss Cl 


d V65 a 



Multiple Correct 
Answers. Type 


Solutions onpageA2.4L 


1. The electron in a hydrogen atom moves in a circular orbit of 
radius 5 x 10" n m with a speed of 0.6;rx 10 6 m/s then 

a. the frequency of the electron is 6 x 10 15 rev/s 

b. the electron carries -i.6xl 0 -19 C around the loop 

c. the current in the orbit is 0.96 mA 

d the current flow is in the opposite direction to the direction 
of the motion of electron 

2. Two cells of unequal e.m.f.S' £ y and an d internal 
resistances r y and r 2 are joined as shown in Fig. A2.91. V A 
and V d are the potentials at A and B , respectively 



a. one cell will continuously supply energy to the other 

b. the potential difference across both the cells will be equal 

c. the potential difference across one cell will be greater than 
its emf. 


d. Y,-V* = 


(£\ } 2 + £ l r \) 


(*i +/ 2) 

3. A capacitor of capacitance C is connected to two voltmeters 
A and B (Fig. A2.92). A is an ideal voltmeter having infinite 
resistance, while B has resistance R. The capacitor is 
uncharged and then the switch 5^ is closed at t = 0, 
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a. readings of B and A will be £ and zero respectively at / = 0 
h during time interval (0< *<°°) readings of£and>4 change 

c. reading of A and B will be equal at t = RC In 2 

d. None of these 

4* A voltmeter of resistance 600 £2 when connected in turn 
across resistances R { and R 2 gives readings of V x and V 2 , 
respectively* If the battery is ideal, then 

a. = 60 V b. K 2 = 30V 

c. Fj =45 V d V 2 = 15 V 

5. For the circuit shown in Fig. A2.93, select the correct 
statements from the following 



a. x and y are equipotential points 

b. Effective resistance between A and B is 2 £2 

c. Effective resistance between A and B is 1 Q 
d None of the above 

6 . A unifonn current /is flowing in a long wire of radius R. If the 
current is uniformly distributed across the cross-sectional 
area of the wire, then 

a. magnetic Field increases linearly from centre to surface 

b. magnetic Field decays exponentially with distance r from 
the centre of wire for r> R 

c» magnetic field at the centre of wire is zero 

d. None of the above 

7. Two bulbs 25 W, 100 V (upper bulb in figure) and 100 W, 200 V 
(lower bulb in Figure) are connected in the circuit as shown 
in Fig. A2,94. Choose the correct answer(s). 



a. Heat lost per second in the circuit will be 80 J 

b. Ratio of heat produced per second in bulb will be 1:1 

c. Ratio of heat produced in branches to branch CD will be 1:2 

d. Current drawn from the cell is 0.4 A 

8 . In Fig. A2.95, battery of e.m.f. E has internal resistance ;■ and a 
variable resistor. At an instant, current flowing through the 
circuit is potential difference between the terminals of cells 
is V , thermal power developed in external circuit is P and 
thennal power developed in the cell is equal to fraction 7) of 
total electrical generated in it. Which of the following graphs 
is/are correct? 


-|i—vwwv— 

r 

AAAAAAAAAAAA/ 

Fig. A2.95 






Fig. A2.96 

9. In the given circuit (Fig. A2.97), 

p 2 n 


- VW\A/— 

-«- 

20 V, 1.5 Q 

1. 

-WMi -j 


i 1 


- W\AA/— 

Q 

-•—>- 

3 n 

-AMM - 1 


Fig. A2.97 


a. the current through the battery is 5.0 A 

b. P and Q are at the same potential 

c. P is 2.5 V higher than Q 

d. gis2.5 VhigherthanP 

10. In the circuit shown (Fig. A2.98), the cell is ideal with e.m.f. 
= 2 V. The resistance ofthecoilofthe galvanometer G is 1 £2. 
Then 


Fig. A2.94 
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Fig. A2.98 


a. no current flows in G 

b. 0.2 A current flows in G 

c. potential difference across C { is 1 V 
dL potential difference across C 2 is 1.2 V 

11. Which of the following statements are correct? 

a. If bulbs of difference wattages are joined in parallel, then 
lowest wattage bulb glows with the maximum brightness. 

b. If bulbs of difference wattages are joined in parallel, then 
highest wattage bulb glows with the maximum brightness. 

c. If bulbs of difference wattages are joined in series, then 
the lowest wattage bulb glows with maximum brightness* 

d. If bulbs of difference wattages are joined in series, then 
height wattage bulb glows with the maximum brightness. 

12. Three ammeters A 7 B and,C of resistances R A , R B and R 0 
respectively, are joined as.|hown in Fig. A2.99. When some 
potential difference is appijeil across the terminals T 7 , and 
their readings are l A% l B andV c , then respectively, then 




CD-d> 


<£>- 




Fig.,A2.99 

a * h = 4 k U = Ic*c 

c 4 ^ 

Ic + ^3 

13. A battery of e.m.f. 2 V and initial resistance 1 Q. is connected 
across terminals A and B of the circuit shown in the Fig, 
A2.100. 



a. Thermal power generated in the external circuit will be 
maximum possible when ^=-^0 


b. Maximum possible thermal power generated in external 
circuit is equal to 4 W 

c. Ratio of current through 3 D to that through 8 Q is 
independent of R 

d. None of above 

14. Two electric bulbs rated at 25 W-220 V and 100 W-220 V are 
connected in series across a 220 V voltage source. 
The 25 W and 100 W bulbs now draw P { and P 2 powers, 
respectively, therefore 

a. Pj = 16 W b. P ( =4W 

c.A> = 16W dL ^2 = 4 W 

15. In the circuit shown in Fig. A2.101 


A 



Fig. A2.101 


a. Power supplied by the circuit is 200 W 

b. Current flowing in the circuit is 5 A 

c. Potential difference across 4 Q resistance is equal to the 
potential difference across 6 Q resistance 

d. Current in wkcAB is zero 

16. Two cells of unequal e.m.f.s E v and E 2 and internal 
resistances r { and r 2 arc joined as shown in Fig, A2.102* V P 
and Vq are identical at P and 0, respectively* 





E 2 , i'2 


Fig. A2.102 

a. The potential difference across both the cells will be equal 

b. One of the cells, will supply energy to the other cell 

c. The potential difference across one of the cells will be 
greater than its e*m.f. 

t y r -y j!!!L±M 
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17. In the circuit shown in Fig- A2.103 
A 



Fig. A2.103 

a. Power supplied by the battery is 200 W 

b. Current flowing in the circuit is 5 A 

c. Potential difference across 4 £2 resistance is equal to the 
potential difference across 6 £2 resistance 

d/ Current in wire AB is zero 

18. A battery ofe.m.f ^ = 5 V and internal resistance 5 £2 is 
connected across a long uniform wire AB of length 1 maud 
resistance per unit length 5 QnrT 1 . Two cells of £ ( = I V and 
= 2 V are connected as shown in the figure. 



Fig. A2.104 

a. The null point is at A. 

h If the jockey is touched to point B> the current in the 
galvanometer will be going towards B . 

c. When jockey is connected to point A y no current is flowing 
through l V battery. 

d The null point is at distance of 8/15 m from A 2 - 

19. The diagram shows a modified meter bridge, which Is used 
for measuring two unknown resistance at the same time. 
When only the first galvanometer is used, for obtaining the 
balance point, it is found at point C Now the first 
galvanometer is removed and rhe second galvanometer is 
used, which gives balance point at D. Using the details given 
in the diagram, find out the value of R t and R 2 . 


R R\ Ri 



a. A, =5/2/3 b.R 2 ^4RJ3 

c. tf,=4rt/3 &R 2 = 5Rft "" 

20. A parallel-plate capacitor ofcapacitancc 10 mF is connected 
to a cel l of e.rrLf L 0 V and fully charged. Now a dielectric slab 
(k- 3) of thickness equal to the gap between the plates is 
completely filled in the gap, keeping the cell connected. 
During the filling process 

bl the increase in charge on the capacitor is 200 juC 
lx the heat produced is zero 

c. energy supplied by the cell = increase in stored potential 
energy + work done on the person who is filling the 
dielectric slab 

d energy supplied by the cell = increase in stored potential 
energy + work done on the person who is filling the 
dielectric slab + heat produced 

21. The galvanometer shown in the figure has resistance 10 £2. It 
is shunted by a series combination of a resistance S = 1 Q 
and an ideal cell of e. m. f. 2 V. A current 2 A passes as shown. 


C= LOG 



a- The reading of the galvanometer is 1 A. 

b. The reading of the galvanometer is zero. 

c. The potential difference across the resistance 5 is 1.5 V. 
d The potential difference across the resistance S is 2 V. 

22 . In the circuit shown in figure, E } and are two ideal sources 
of unknown e.m.f.s. Some currents are shown. Potential 
difference appearing across 6 Q resistance is V A — V B - 10 V. 


2.00 A 



Fig. A2.107 

a. The current in the 4.00 Cl resistor is 5 A 
b The unknown e.m.f. £, is 36 V 
c. The unknown e.m.f. E 2 is 54 V 
d The resistance R is equal to 9 £2 

23. Match the readings of the voltmeter and ammeter, 
respectively shown in the figures. 
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Fig. A2.108 

24. In the figure shown (all batteries are ideal). 



Fig. A2.109 


a. current through 25 V cell is 20 A 
h current through 25 V cell is 12.5 A 
c. power supplied by 20 V cell is 20 W 
d power supplied by 20 V cell is -20 W 

25. Consider a resistor of uniform cross-section area connected 
to a battery of Internal resistance zero, if the length of the 
resistor is doubled by stretching it then 

a. current will become four times 
h the electric field in the wire will become half 
c. the thermal power produced by the resistor will become 
one fourth 

d the product of the current density and conductance will 
become half 

26. A variable current flows through a 1 Cl resistor for 2 s. Time 
dependence of the current is shown in the graph. 

HA)k 



Fig. A2.110 


a. Total charge flown through the resistor is 10 C 
tx Average current through the resistor is 5 A 
c. Total heat produced in the resistor is 50 J 
d Maximum power during the flow of current is 100 W 

27. For the circuit shown in the-ferine 



Fig. A2.111 

a. the current / through the battery is 7.5 mA 
hi the potential difference across R L is 18 V 
c. ratio of powers dissipated in R x and R 2 is 3 
d If R x and R 2 are interchanged, magnitude of the power 
dissipated in R } will decrease by a factor of 9 

(IIT-JEE, 2009) 


Assertion-Reasoning 

■Type.'.'.. 


Solutions onpageA2.45 


a. Statement I is true. Statement II is true; Statement II is a 
correct explanation for Statement I. 

b. Statement I is true, Statement II is true; Statement II is not a 
correct explanation for Statement I. 

c. Statement I is true, Statement II is false, 
d Statement I is false, Statement II is true. 


1. Statement I: If an electric field is applied to a metallic 
conductor, the free electrons experience a force but do not 
accelerate; they only drift at a constant speed. 

Statement II: The force exerted by the electric field is 
completely balanced by the Coulomb force between 
electrons and protons. 

2. Statement II: ,In the meter bridge experiment shown in 
Fig. A2.H2, the balance length AC corresponding to null 
deflection of the galvanometer is If the radius of the wire 
AB is doubled, the balanced length becomes 4x. 



Fig. A2.112 

Statement II: The resistance of a wire is inversely proportional 
to the square of its radius. 

3. Statement I: In the potentiometer circuit shown in 
Fig. A2.113, £| and E 2 are the e.m.f. of cells C { and C 2 , 
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respectively, with E y > E 2 . Cell C y has negligible internal 
resistance. For a given resistor 7?, the balance length is x. If 
the diameter of the potentiometer wire AB is increased, the 
balance length* will decrease. 

C, *■ 

I-11-W\M-1 


A 


Mr 


X 


D 



C 2 


<d - 1 

G 

Fig. A2.113 


Statement II: At the balance point, the potential difference 

between^!) due to cell C y =E 2 ,, the e.m.f. of cell C 2 . 

4* Statement I: When an external resistor of resistance 7? 

(connected across a cell to internal resistance r) is varied, 

power consumed by resistance 7? is maximum when 7? = r. 

Statement II: Power consumed by a resistor of constant 

resistance R is maximum when current through it is maximum. 

—> 

5. Statement I: The current density J at any point in ohmic 


resistor is in the direction of electric field E at that point. 
Statement II: A point charge when released from rest in a 
region having only electrostatic field always moves along 
electric lines of force. 

6. Statement I: A wire of uniform cross section and uniform 
resistivity is connected across an ideal cell. Now the length of 
the wire is doubled keeping volume of the wire constant. The 
drift velocity of electrons after stretching the wire becomes 
one fourth of what it was before stretching the wire. 
Statement II: If a wire (of uniform resistivity and uniform 
cross section) of length / 0 is stretched to length nl 0 then its 
resistance becomes n 2 times of what it was before stretching 
the wire (the volume of wire is kept constant in stretching 
process). Further at constant potential difference, current is 
inversely proportional to resistance. Finally, drift velocity of 
free electron is directly proportional to current and inversely 
proportional to cross-sectional area of current carrying wire. 

7. Statement I: If there is current in a wire, potential drop has to 
be there. 

Statement II: If potential drop is zero, the resistance maybe 
zero. 

8. Statement I: KirchhofFs laws cannot be applied in circuits 
with inductors. 

Statement II: KirchhofFs laws can be applied in circuits 
with capacitors. 

9. Statement I: The switch S shown in Fig. A2.114 is closed at 

£ 

t = 0. Initial current flowing through battery is-. 

7? + r 


II-VWV 

C R 



Fig. A2.114 

Statement IT: Initially, capacitor was uncharged, so resistance 
offered by capacitor at t = 0 is zero. 

10. Statement I: Consider the two situations shown in Fig. 
A2.115 Potential difference between points^ and B in Case 
I is more as compared to Case IF 
Statement II: In Case I y V A -V B = E + Ir 
In Case II, V A -V B = E-Ir 

E 

A «-»-1 I - VWV - • 8 

1 r 


Case I 


E 

A •—■«-11- VWV - 

/ r 

Case J l 

Fig. A2.115 

11. Statement I: Electric field outside the conducting wire which 
carries a constant current is zero. 

Statement II: Net charge on conducting wire is zero. 

12. Statement I: A conductor carrying electric current becomes 
electrically charged. 

Statement II: A conductor carrying electric current contains 
same number of positive and negative charges and thus 
conductor is electrically neutral. 

13. Statement II: When the length of & conductor is doubled; 
its resistance will also get doubled. 

Statement II: Resistance is directly proportional to the 
length of a conductor. 

14. Statement I: In the following circuit, e.m.f. is 2 V internal 
resistance of the cell is 1 Cl and 7? = 1 £2 the reading of the 
voltmeter is 1 V 

Statement II: V=E-ir y where jE = 2 V, i- 1 A and 7? = 1 Cl 

nr^—, 

——| 1 —vwv-L-i 

R 

L--VWV- 

Fig. A2.116 

15. Statement I: Direction of current cannot be from negative 
potential. 

Statement II: Direction of current is opposite to the flow of 
electrons. 

16. Statement I: When a cell is charged by connecting its 
positive electrode with positive terminal of the charger 
battery, then potential difference across the electrodes of 
cell will be smaller to the e.m.f. of cell. 




































Statement]!: Potential difference across electrodes in 
providing electric current is E - fr, where E is e.m.f. and r 
internal resistance. 

17, Statement 1: The drift velocity of electrons in a metallic wire 
will decrease, if the temperature of the wire is increased. 
Statement II: On increasing temperature, conductivity of 
metallic wire decreases. 

18, Statement I: In a simple battery circuit, the point at the 
lowest potential is positive terminal of the battery. 
Statement II: The current flows towards the point of lowest 
potential for battery, as it does in a circuit from positive to 
the negative terminal. 

19, Statement I: Insulators do not allow flow of current through 
them. 

Statement II: Insulators have no free-charge carrier. 

20, Statement I: In a wire of non-uniform cross section, the 
current is the same everywhere. 

Statement II: The current in a wire is due to the drift of 
elections along the wire. 

21- Statement I: When two conducting wires of different 
resistivity having same cross-section area are joined in 
series, the electric field in them would be equal when they 
carry current. 

Statement II: When wires are in series they carry equal 
current. 


Comprehension Type 


Solutions on page A 2.4 6 


For Problems 1-5 

Ram and Shyam purchased two electric teakettles A and B of same 
size, same thickness and same volume of 0.4 L. They studied the 
specification of kettles as under 
Kettle^: 

Specific heat capacity = 1680 J/kg-k 
Mass *= 200 g 
Cost = Rs. 400 
Kettle B; 

Specific heat capacity = 2450 J/kg-K 
Mass = 400 g 
Cost = Rs. 400 

When kettles is switched on with constant potential source, 
the tea begins to boil in 6 min. When kettle B is switched on with 
the same source separately then tea begins to boil in 8 min. The 
efficiency of kettle is defined as 

_ Energy used for liquid heating 
Total energy supplied 

They made discussion on specification and efficiency of 
kettles and subsequently prepared a list of questions to draw the 
conclusions. Some of them are as under (Assume specific heat of 
tea liquid as 4200 J/kg-K and density 1000 kg/m 3 .) 

1. Efficiency of kettle A is 

a, 63.34% b. 83.34% ' c. 93*34% d. 73.34% 

2. Efficiency of kettle B is 
a. 82.5% b, 72.5% 


j. Kano ot etticiency consumed charges for one time boiling of 
tea in kettle A to that in kettle B 
a. 3:5 b. 2:3 c. 3:4 d. 1:1 

4. If resistances of coil of kettles A and B are R A and R d 
respectively, then we can say 

a. R a > R B b, R a = Rg c. R A < R B 

d cannot be ascertained by above date 

5. If both the kettles are joined with the same source in series 
one after the other. Then boiling starts in kettle A and kettle 
5 after 

a. 4 times of their original time 

b. equal to their original time 

c. 2 times of their original time 

d cannot be ascertained by the above data 

For Problems 6-8 

A car battery with a 12 V e.m.f. and an internal resistance of 
0.D4 X2 is being charged with a current of 50 A. 

6. The potential difference V across the terminals of the battery 
is 

a. 10 V b. 12 V c. 14 V d 16 V 

7. The rate at which energy is being dissipated as heat inside 
the battery is 

a. 100 W b. 500 W c. 600 W d 700 W 

8. The rate of energy conser. ation from electrical to chemical 
is 

a. 100 W b. 500 W c. 600W d 700W 

For Problems 9-13 

By ammeters and voltmeters in combination 

A voltmeter and an ammeter can be used together to measure 
resistance and power. The resistance R of a resistor equals the 
potential difference V ab between its terminals divided by the current 
/; that is, R = V ab /I. The power input P to any circuit element is the 
product of the potential difference across it and the current through 
it; that is, In principle, the most straightward way to 

measure R or P is to measure V ab and / simultaneously. 



Fig. A2.117 

By Ohmmeters 

An alternative method for measuring resistance is to use a d' 
Arsonval meter in an arrangement called an ohmmeter. It consists 
of a meter, a resistor and a source (often a flashlight battery) 
connected in series (Fig. A2.118). The resistance R to be measured 
is connected between terminals A" and Y. 


c. 92.5% d. 62.5% 




















_ 
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Fig.A2.118 


The series resistance R s is variable; it is adjusted so that when 
terminals X and Y are short-circuited (that is, when R - 0), the 
meter deflects full-scale. When nothing is connected to terminals 
X and 7, so that the circuit between A"and Y is open (that is, when 
x —> oo) > there is no current and no deflection. For any intermediate 
value of R the meter deflection depends on the value of R> and the 
meter scale can be calibrated to read the resistance R directly. 
Larger currents correspond to smaller resistance, so this scale 
reads backward compared to the scale showing the current. 

Measurement of Resistances 




Fig. A2.119 

9. Suppose we want to measure an unknown resistance R , 
using the circuit in Fig. A2.119 (a). The voltmeter resistance 
and ammeter resistance are respectively R v = 10,000 ft and 
R a = 2.00 ft, If the voltmeter reads 12.0 V and the ammeter 
reads 0.100 A, then resistance R is 

a. 120 £2 b. 118ft c. 121Q d. 108ft 

10. Suppose the meters in the above problem are connected to a 
different resistor in the circuit of Fig. A2.119 (b), and the 


; readings obtained on the meters are the same as in the above 
problem. The value of this new resistance is 
a. 120ft b. 118ft c. 121ft d 108ft 

11/In the ohmmeter in Fig. A2.119 (c), the coil of the meter has 
resistance R c - 50 ft, and the current required for full-scale 
deflection is 1.50 mA, the source is a flash light battery with 
E = 0.75 V having negligible internal resistance. The 
ohmmeter is to show a meter deflection of 1/2 of full scale 
when it is connected to a resistor with R - 500 W. The series 
resistance ^required is equahto' 
a. 50ft b. 500ft c. 450ft d 45ft 

12. In Fig. A2.120, 1.50 mA ohmmeter having a resistance of 
100 ft (at current of 1.50 m meter deflects full scale). The 
battery has an e.m.f. of 0.9 V and negligible internal 
resistance R is chosen so that when the terminals a and b are 
shorted, the meter reads 3/4 of full scale. When a and b are 
open the meter reads zero. The corresponding value of R is. 




ohmmeler 


0.9 V 


R Rx 

AAAA/V——• 



Fig. A2.120 

a. 100 ft b. 800 ft c. 700 ft d 900 ft 
13. InFig. A2.120, if = 200 ft and j? = 3 00 ft then meter gives 

a. , full-scale deflection 

b. half of full-scale deflection 

c. one fourth of deflection 
d three fourth of deflection 


For Problems 14-16 

Electric fuse is a protective device used in series with an electric 
circuit or an electric appliance to save it from damage due to 
overheating produced by strong current in the circuit or 
application. Fuse wire is generally made from an alloy of lead and 
tin which has high resistance and low melting point. It is 
connected in series in an electric installation. If a circuit gets 
accidentally short circuited, a large current flows, then fuse wire 
melts away which causes a break in the circuit. The power 
through fuse (F J ) is equal to heat energy lost per unit area per unit 
time (h) (neglecting heat loses from ends of the wire). 

P=I 2 R= hx2xrl \R=-^t 
j L Ttr _ 

r and / are the length and radius of fuse wire, respectively. 

A battery is described by its e.m.f. (E) and internal resistance 
(r). Efficiency ofa battery (/?) is defined as the ratio of the output 
power to the input power 

n - Output P°we, xl00% 

Input po\ver 
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Fig. A2.121 
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but / =—-,input power = El 

OutputjDOwcr = £J-J 2 r _ 

El -1 2 r 


Then 


77 = 


El 


x 100 



xlOO 



We know that output power of a source is maximum when the 
external resistance is equal to internal resistance, i.e., R = r, 

14. Two fuse wires of same potential material are having length 
ratio 1: 2 and ratio 4; l. Then respective ratio of their current 
rating will be 

a. 8: 1 b. 2: l c, 1:8 <L4: 1 

15. The maximum power rating of a 20.0 £2 fuse wire is 2.0 kW, 
then this fuse wire can be connected safely to a D,C. source 
(negligible internal resistance) of 

a. 300V b. 190V c. 250V cl 220V 

16. Efficiency of a battery (non-ideal) when delivering the 
maximum power is 

a. 100% b. 50% c. 90% d. 40% 


For Problems 17-21 

Multirange ammeter and voltmeter are used for measuring current 
and potential in different ranges. For three-scale multirange ammeter, 
the meter is connected with different resistance R^R 2 and R 3 as per 
shown in Fig. A2. i 22(a). The resistance of galvanometer is small and 
fixed and it gives full-scale deflection for certain current I G . 

When the meter is connected to the circuit being measured, 
one conneciion is made to the post marked (+) and the other to 
the post marked with the desired range. The values of/? h R 2 and 
R 2 are so released in order to meet the requirement. Suppose 
connection is made between A and B , then the total current up to 
/, enters and distributes through first branch/?, and other branch 
combination 0 f/?^, R y and R 2 . The circuit equation can be written 
as the potential drop is same 


/<?(*;+* 2 +*>l=(Wcl*i 
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Fig. A2.122 

In the similar way for other connections (between A and C, 
between A and £)), equations can be written and /?,, R 2 and R y can 
be evaluated according to given range of / h I 2 and / 3 . 

In case of multirange voltmeter, the galvanometer is connected 
with three resistances /?,, /? 2 and /? 3 as per Fig. A2.122(b) When 
the meter is connected to the circuit being measured, one 
connection is made to the post marked + and the other to the post 
marked with the desired voltage range. The resistance of 
galvanometer is fixed and it gives full-scale deflection for certain 
current J G , The resistances/?], R 2 and /? 3 are calculated according 
to given range of V u V 2 and V y 

17. Por / 3 1=1 0.100 A and R c = 36 O, the value of/?, + /? 2 + ^5 
should be (if meter gives full-scale deflection) 

a. 4 (2 b. 3.612 c. 0.4a d. 0.36 Q 

18 . In the above problem, if 1 2 - 1 A, then the value of /?, + R 2 
should be 

a-40 b. 3.6Q c. 0.4a d. 0.36a 

19. In the above problem, if/; = 10 A, then the value of /?, 
should be 

a. 40 b. 3.60 c. 0.40 d. 0.360 

20. For V, = 3.00 V, V 2 = 15.0 and F 3 = 150 V, the value of 
/?, + /? 2 and R y are respectively (If meter gives full-scale 
deflection for/ G = 1.5 mA) 

a. 5kO, lOkO, 100kO b. 2 kO, 8 kO, 88 kO 

c. 1.975kO,8kO,88kO d. 1.975kO,8kO,90kO 

21. If in Fig. A2.122(a) three scales are; 

/, « 10 A, I 2 « l A, / 3 = 0.1 A and in Fig. A2.122(b) three 
scales are V x = 3 V, V 2 -15 V, V y = 150 V. 



In Fig. A2.123. the potential difference between Land A/and 
the cuitciil through resistance of 150 O arc to be measured, 
then the connections should be for multivoltmcter and 
multimeter are as: 

a. L—iPtM — »6‘artd M —>/l, N—>D 

b. L^PtM^Q and A/-» A, N->B 

c. L —> P y M —> R and i k/ —» A , N —» D 

d. A-*/>>/-> 5 and M-*A t N^>C 
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For Problems 22-24 

In the connection shown in the figure, initially the switch K is 
open and the capacitor is uncharged. Then the switch is closed 
and the capacitor is charged up to the steady state and the switch 
is opened again. Determine the values indicated by the ammeter. 
[Given: F o = 30 V>R l = \0ka y R 2 = 5kQ] 

c 



11- 
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— Wsfa—Q)— 


*i *2 


/._I 

K 

Fig. A2.124 

22. Just after closing the switch 

a. 2 mA b. 3 mA c. OmA d. None of these 

23. A long time after the switch was closed 

a. 2 mA b. 3 mA c. 6 mA d. none of these 

24. Just after reopening the switch 

a. 2 mA b. 3 mA c. 6 mA d. None of these 


For Problems 25-27 

Resistance value of an unknown resistor is calculated using the 
y 

formula where Fand/be the readings of the voltmeter and 

the ammeter, respectively. Consider the circuits below. The internal 
resistances of the voltmeter and the ammeter (R v and R G , 
respectively) are finite and non-zero. 




Fig. A2.125 

Let R a and R B be the calculated values in the two cases A 
and B, respectively. 

25. The relation between R A and the actual value of R is 

a. R>R a h R <R a 

c. R = R a d dependent upon E and r 

26. The relation between R B and the actual value of R is 

a. R R% h R ^ R B 

c. R = R B d dependent upon E and r 

27. If the resistance ofvoltmeter is R v -1 kQand that of ammeter 
is R g - 1 Q, the magnitude of the percentage error in the 
measurement of R (the value of R is nearly 10 ^2) is 

a. zero in both cases 
h non zero but equal in both cases 
c. more in circuit 
d mere in circuit B 


For Problems 28-30 

In the circuit given below, both batteries are ideal, e.m.f E x of 
battery 1 has a fixed value, but e.m.f. E 2 of battery 2 can be varied 
between 1.0 V and . 10.0 V. The graph gives the currents through 
the two batteries as a function of E 2i but are not marked as which 
plot corresponds to which battery. But for both plots, current is 
assumed to be negative when the direction of the current through 
the battery is opposite the direction of that battery's e.m.f. 
(direction ofe.m.f is from negative to positive). 




Fig. A2.126 

28. The value ofe.m.f. is 

a. 8 V h 6 V 

c. 4 V d 2V 

29. The resistance R { has value 

a. 10 O hi 20 & 

c. 30 SI d 40 a 

30. The resistance R 2 is equal to 

a. 10£2 b 20Q 

c. 30Q d 40a 

For Problems 31-33 

The circuit shown in steady state: 


s a sn 



Fig. A2.127 

31. The charge in capacitor C\ is 

a. 20 |iC h 30 )iC 

c. 40 |iC d 10 \iC 

32. The charge in capacitor C 2 is 

a. 30|iC b 10|iC 

c. 20 |jlC d 40|iC 










































































Appendix A 2: Miscellaneous Assignments and Archives on Chapters 5-10 A2.25 
■ ■. 


33. The charge in capacitor C 3 is ■" 

a. 10 |iC h 30 fiC 

c. 20 |iC d. 40 |iC 


Matching Column 
Type 


Solutions on page A2.47 


Column I and column II contains four entries each. Entries of 
column I are to be matched with some entries of column II. One or 
more than one entries of column I may have the matching with the 
same entries of column II and one entry of column I may have one 
or more than one matching with entries of column II. 

1. A battery of e.m.f. E is connected across a conductor as 
shown in Fig. A2.128. As one observes from A to B , match 
the following: 


B 



E 


Fig. A2.128 


"7lCoIiihm I . ^ 

Column If 

r a. Current 

j.h Drift velocity of electron 
c. Electric field 
■ d-Potential drop across the 
, length 

IV increases 
q .decreases 
r. remains same 
. s. cannot be determined 


2. Column I gives physical quantities based on a situation in 
which an ideal ceil of e.m.f. V is connected across a 
cylindrical rod of uniform cross-sectional area and 
conductivity ( s ) as shown in figure. E> 7, <j> and i are electric 
field at, current density through, electric flux through and 
current through the shaded cross section, respectively, as 
shown in Fig. A2.129 Physical quantities in column II are 
related to those in column I. Match the expressions in 
column I with the statements in columns II. 

Shaded cross 



C. tjipV " - - 


r. Resisrivityofthe rod. 

7 

di; 


s. Power delivered to the r<xi 




In the circuit shown in 

Fig. A2.130, battery, ammeter anc 


voltmeter are ideal and the switch S is initially closed as 
shown. When switch S is opened, match the parameter of 
column I with (he effects in column II and indicate your 
answer by darkening appropriate bubbles in the 4 x 4 matrix 
given in the OMR. 


—VW\A——VWW— 

R R 



— 11 —^ 

E 

Fig.A2.130 


Column I 

Column II 

a. Equivalent resistance. 

pi remains same 

across the battery 


h Power dissipated by 

q increases 

left resistance R 


c. Voltmeter reading 

r.’decreases 

d Ammeter reading 

s. becomes zero 


4. Column I gives physical quantities of a situation in which a 
current / passes through two rods I and II of equal length 
that are joined in series. The ratio of free electron density 
(rj) y resistivity ( p ) and cross-section area (A) of both are in ratio 

Wj:w 2 =2:1; p 2 =2:1 and A l :A 2 =l:2 respectively. 
Column II gives corresponding results. Match the ratios of 
column I with the values in column II and indicate your 
answer by darkening appropriate bubbles in the 4 * 4 matrix 
given in the OMR. 


"7 ; \ i ' 77 , u 

A B ' c 

Fig. A2.131 


Column I 

Column II 

Drift velocity of free electron in rodl 

■p.0.5 

Drift velocity of free electron in rod II 

Electric field in rod. I 
k Electric field in rod II. 

qi 

Potential difference across rod I 
c ‘ Potential difference across rod U 

r.2 

Average time taken by free Electron 

cL 

Average time taken by free electron 

to move from A to B 

to move from B to C 

s. 4 
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5* Match the statements in column I with the result in column II 


Column I 


:ed__p, 


a* A variable resistor is connected 
across a non-ideal cell. As'the 
resistance of the variable resistor is 
continuously increased from zero 
to a very large value, the electric 
power consumed by the variable 
resistor 

b. A circular ring lies in space having 
uniform and constant magnetic field. 
Initially the direction of magnetic 
field is parallel to the plane of the 
ring. Keeping the centre of ring fixed 
the ring is rotated by 180* about one 
of its diameter with constant angular 
speed. For the duration the ring 
rotates, the magnitude of induced 
e.m.finthering 

c. A thin rod of length 1 cm lies along 
principal axis of a convex lens of 

-focal length 5 cm. One end of rod is 
at a distance 1 cm from optical centre 
of the lens. The convex lens is moved 
(without rotation) perpendicular to. - 
initial principal axis by 5 mm and 
brought back to its initial position. 
The length of the image of the rod 

d. A-bulb (of negligible inductance) 
and a^capacitor in series are 

connected across ah ideal ac 

\ 

source of constant peak voltage 
and variable frequency As 
frequency of ac source is 
continuously increased, the 
brightness of bulb 


ColumnH 


-first increases for 
some time andther 
decreases 


. first decreases for 
some time and 
then increases 


r. is always constant 


s. 


increases or may 
increae over some 
time interval 


6. In the circuit shown, all the ammeters are ideal. Match the 
following based on the circuit 



6 v 

2 a 


Fig. A2.132 


“Column I 

Column II 

a. If the switch S is open, the 

p A j and A 2 

ammeter(s) thatread(s) 


less than 10 A 


h If the Switch S is open, the 

4 and A 5 

ammeter(s) that read(s) 


equaL.current 



c. If the switch S is closed, the 

. r. A 3 and A 4 

ammeter(s) that read(s) 


more than 5 A 


d If the switch S is closed. 

s. A t andA s ■ ■ - 

the ammeter(s) that show(s) 

■ ■■■ p 

increase in the reading 

. . . ' ' , - 


7. Consider two identical cells each of e.m.f. E and internal 
resistance r connected to adoad resistance R 


Column I 


a. Maximum power transferred 
to load if cells are connected 
in series 

b. Maximum power, transferred' 
to load if cells are connected 
in parallel 

c. Power transferred to load if 
cells are connected in series 
and R = r 

d Power transferred to load if 
cells are connected in parallel 
and R-r 


■ Column H 




4E 1 ' 

9/-. 

E r - 


* 2 r 


r. E^ = E,r^ 

s. E^ = 2E,r^ 


■ ' 

r 

2 


= 2 r 


8. In an experiement for comparing e.mils of two primaiy cells 
using potentiometer, some observations are given in column L 


Column I 

Columnl! 

a. Deflection of galvanometer 
is in same direction at two 
ends of the wire- 
h A series protective 
resistance added in series 
to the galvanometer 
c. A short wire is used in 
potentiometer 

p Accuracy in 

measurement increase 

' • . ■ 

<f The positive terminals of 
all batteries/cells, are not 
connected at a point 

r. je.rrt j.-uFbattery-in ■■ 
primary circuit is less tftar 
the e.m.f; of cell to^be 

d More length of wire up to 
hull point 

measured 

s. Uricertaimiy in the 
location of balance point 
increases 


Archives 


Solutions dn page A2:49 


Fill in the Blanks Type 

1. An electric bulb rated for 500 watts at 100 volts is used in a 

circuit having a 200 volts supply. The resistance £ that must 
be put in series with the bulb, so that the bulb delivers 
500 watts is-ohms. (TIT-JEE, 1987) 

2. The equivalent resistance between points A and B in the 

circuit (Fig. A2.133)is_£1 


2 R 

-AAAr- 


iWv—vy\A 5 


Fig. A2.133 
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(HT-JEE, 1997) 

3. In the circuit shown (Fig. A2.134), each battery is 5 V and 
has an internal resistance of 0.2 ohm. 



9 v 


Fig. A2.134 

The reading in the ideal voltmeter Fis_ 

True or False 


-V. 


1. In an electrolyte solution, the electric current is mainly due 

to movement of free electrons. (HT-JEE, 1980) 

2. Electrons in a conductor have no motion in the absence of a 

pqterftial difference across it. (HTJEE, 1982) 

3. The/CtUTent-voltage graphs for a given metallic wire at two 
different temperature T { and T 2 are shown in Fig. A2.135 



Fig. A2.135 

The temperature is greater than T 2 . (HT-JEE, 1993) 
Single Correct Answer Type 

1. The temperature coefficient of resistance of a wire is 0.00125 
per °C. At 300K, its resistance is 1 ohm. This resistance of 
the wire will be 2 ohms at 

2L 1154K h HOOK 

c. 1400K d. I127K (HT-JEE, 1980) 

2. A constant voltage is applied between the two ends of a 
uniform metallic wire. Some heat is developed in it. The heat 
developed is doubled if 

a- both the length and the radius of the wire are halved 

b. both the Length and the radius of the wire are doubled 

c. the radius of the wire is doubled 

d the length of the wire is doubled 1 (HT-JEE, 1980) 

3. The electrostatic field due to a point charge depends on the 

distance r as \. Indicate which of the following quantities 
r 

shows same dependence on r. 

a. Intensity of light from a point source 

b. Electrostatic potential due to a point charge 

c. Electrostatic potential at a distance r from the centre of a 
charged metallic sphere. Given r < radius of the sphere 

& None of these (HT-JEE, 1980) 

4. In the circuit shown in Fig. A2.136 the heat produced in the 
5 Cl resistor due to the current flowing through it is 10 
calories per second. 


The heat generated in the 4 Cl resistor is 


4a 6n 

AM-- 


sn 

- \\\ - 

Fig. A2.136 

a. 1 calorie/s b. 2 calories/s 

c. 3 calories/s d. 4 calories/s 

(HT-JEE, 1981) 

5. The current i in the circuit is 



a. 1/45 A b. 1/15 A 

c. 1/10 A d. 1/5 A (HT-JEE, 1983) 

6. A piece of copper and another of germanium are cooled from 
room temperature to 80° k. The resistance of 

& each of them increases 

b. each of them decreases 

c. copper increases and germanium decreases 

d copper decreases and germanium increases 

(HTJEE, 1981) 

7. A battery of internal resistance 4 Cl is connected to the 
network of resistances as shown. In order that the maximum 
power can be delivered to the network, the value of R in Cl 
should be 



a. 4/9 b. 2 

c. 8/3 d 18 (HT-JEE, 1995) 

8. A steady current flows in a metallic conductor of non- 
uniform cross-section. The quantity/quantities constant 
along the length of the conductor is/are 

a. current, electric field and drift speed 

b. drift speed only 

c. current and drift speed 

d current only (IITJEE, 1997) 
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< 


9. A parallel combination of 0 A m£2 resistor and a 10 jliF 
capacitor is connected across a 1.5 V source of negligible 
resistance. The time required for the capacitor to get charged 
up to 0.75 V is approximately (in seconds) 
a. <*> b. iog^ c. log, 0 2 (L zero 

(DT-JEE, 1997) 

10. In the circuit P^R, the reading of the galvanometer is same 
with switch S open pr closed. Then 



Fig. A2.139 


a. 1 R -Jq h I P -Iq 

c. 1 Q = I G d I Q = I R (IIT-JEE, 1999) 

11. In the given circuit, with steady current, the potential drop 
across the capacitor must be 


—II— 

V 

11 

c 

11 

-^MMr - 1 


\ l 


2 V 


2R 

— il- 


-WM- 1 


Fig. A2.140 


a. V b. VJ2 

c. m d 2V/3 (DT-JEE,2001) 

12. A wire of length L and three identical cells of negligible 
internal resistances are connected in series. Due to the 
current, the temperature of the wire is raised by AT in a time 
t. A number Af ofsimilar cells is now connected in series with 
a wire of the same materia! and cross section but of length 
21. The temperature of the wire is raised by the same amount 
AT in the same time /, the value of N is 

a. 4 b. 6 

c. 8 d. 9 (IIT-JEE,2001) 

13. In the given circuit (Fig. A2.141), it is observed that the 
current 1 is independent of the value of the resistance R 6 . 
Then the resistance values must satisfy 



a. RyR 2 R$ — R 2 R 4 R$ 
b 1 t 1 = 1 , 1 

^5 ^r + ^2 ^3 + ^4 

C. R y Rjy = R 2 ^3 

d R { R 2 =R 2 R 4 =R S R 6 (HT-JEE,2001) 

14. The effective resistance between point P and Q of the 
electrical circuit shown in Fig. A2.142 is 


2 R 2 R 



2Rr ^ 8 R(R + r) 

a. - b. —-—- 

R + r 3R + r 

CD 

c. 2^ + 4 R d. y + 2 r (IIT-JEE > 2002) 

15. A 100 W bulb By, and two 60 W bulbs ^ an< ^ ^3 are 
connected to a 250 V source, as shown in Fig. A2.143. Now 
Wy , W 2 and are the output powers of the bulbs By and B 2 > 

and B y> respectively. Then 



Fig. A2.143 

^Wy>W 2 ^ ' h Wy>W 2 > 

c. Wy<W 2 =W 2 d Wy<W 2 <W 2 

OHT-JEE,2002) 

16. Express which of the following setups can be used to verify 
Ohm’s law? 
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Fig. A2.144 

(OT^JEE,2003) 

17. In the shown arrangement of the experiment of the meter 
bridge (Fig. A2.145) MAC corresponding to null deflection 
of galvanometer is x , what would be its value if the radius of 
the wir cAB is doubled? 



Fig. A2.145 

a. x b. xI4 

c. 4* A 2x (m\JEE,2003) 

18. The three resistances of equal value are arranged in the 
different combinations (Fig. A2.146). Arrange them in the 
increasing order of power dissipation. 


—WA-VWv— 




AAAAr 


(i) 


(10 


AAAAr 

AAAAr 

AAAAr 

(in) 



(IV) 


Fig. A2.146 

a. ID<II<IV<I b. n<m<IV<I 

c.i<iv<m<n a i<m<n<iv 

<IIT-JEE,2003) 

19. Fig. A2.147 shows a Post Office box. In order to calculate the 
value of external resistance, it should be connected between 



Fig. A2.147 

a. B ' and C b. A and D 

c. CmdD A B and D (nT-JEE,2D04) 

20. Six identical resistors are connected as shown in Fig. 
A2.148. The equivalent resistance will be 


R 



Fig. A2.148 

a. Maximum between/? and R 
h MaximumbetweenQand?? 
c. Maximum between P and Q 

A All are equal (IIT-JEE, 2004) 

21. A capacitor is charged using an external battery with a 
resistance x in series. The dashed line shows the variation 
of In/ with respect to time. If the resistance is changed to 2x, 
the new graph will be 



Fig. A2.149 

^ P b. Q 

c.R A S (nT-JEE,2004) 

22. Find out the value of current through 2 £2 resistance for the 
given circuit (Fig. A2.150). 
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10 V T 


[SCI 

\ ia 

vwwv 



x"20V 


Fig. A2.150 

a. 0 b. 2 A 

c. 5 A <L4A (nT-JEE,2005) 

23. A 4 pF capacitor and a resistance of 2.5 m£2 are in series with 
12 V battery. Find the time after which the potential 
difference across the capacitor is 3 times the potential 

' difference across the resistor. [In2 = 0.693] 
a. 13.86 s b, 6,93 s 

- c. 7 s d. 14 s (HTJEE,2005) 

24. A moving coil galvanometer of resistance 100 £2 is used as 
an ammeter using a resistance 0.1 £2. The maximum deflection 
current in the galvanometer is 100 pA. Find the minimum 
current in the circuit so that the ammeter shows maximum 
deflection. 

a, 100.1mA b. 1000.1mA 

c. 10.01mA d. 1.01mA 

(nTJEE,2005) 

25. An ideal gas is filled in a closed rigid and thermally insulated 
* container. A coil of 100 £2 resistor carrying current 1 A for 5 
min supplies heat to the gas. The change in internal energy 
of the gas 

a. lOkJ b. 30kJ 

c. 20 kj <L OkJ (nT-JEE,2005) 

26. InFig. A2.151,/f = l£2,/?2 = 2£2,Ci=4pF,C2 = 2pF,thetime 
constants (in ps) for the circuits I, If III are respectively. 


® —i 



C 2 ± 


-(E)- 


C| :i —WA— 



*2 

—VVW— J 


Fig. A2.151 

a. 18,4,8/9 b. 18,8/9,4 

c. 4,18,8/9 <L 4,8/9,18 

(OT-JEE 5 2006) 

27. Two bars of radius r and 2 r are kept in contact as shown in 
Fig. A2.152. An electric current 7 is passed through the bars. 
Which of the following is correct? 

A HI B 

III C * 


a- Va B =2V bc 

b. Power across BC is 4 times the power across AB 

c. Current density in AB and BC is equal 

d Electric field due to current inside AB and BC is equal 

(11T-JEE, 2006) 

28. A resistance of 2 £2 is connected across one gap of a metre- 
bridge (the length of the wire is 100 cm) and an unknown 
resistance, greater than 2 £2, is connected across the other 
gap. When these resistances"are interthanged, the balance 
point shifts by 20 cm. Neglecting any corrections, the 
unknown resistance is 

a. 3 Q b. 4 £2 

■ c. 5Q d. 6£2 

(in^JEE,2007) 

29. A circuit is connected as shown in Fig. A2.153 with the 
switch S open. When the switch is closed, the total amount 
of charge that flows from Y to X is 

3 pF 6 |iF 


— 11 — 

— 11 —1 

r 

' e 


J * 


6n 

—vwv\— 

—vww—I 


-1|- 

9 V 

Fig. A2.153 

a. 0 b. 54 pC 

c. 27 pC <L 81 pC (HT-JEE, 2007) 

30. A parallel plate capacitor C with plates of unit area and 
separation d is filled with a liquid of dielectric constant 
7C=2. The level of liquid is d!3 initially. Suppose the liquid 
level decreases at a constant speed V> the time constant as a 
function of time t is 



a. 


6g 0 R 
5d + Wt 

Sd-m 


Fig. A2.154 
b. 


(}Sd+9Vl)£gR 
2d 2 -3dVt-9V 2 l 2 
Q^d-M)EoR 


Fig. A2.152 


2d 2 +$dVt-9V 2 t 2 

(QT-JEE, 2008) 

31. Fig. A2.155 shows three resistor configuration R [7 R 2 , R$ 
kkconnected to 3 V battery. If the power dissipated by the 
configuration R h R 2 and/? 3 is P { >P 2 andrespectively, then 
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3 • Py < p} 4 *- p} h./ 5 ^/^^/^ 

c.P 2 >P l >P 2 d. p 2 >Px>P) 

(nT-JEE,2008) 

. 32. Statement 1: In a meter-bridge experiment, null point for an 
unknown resistance is measured. Now, the unknown 
resistance is put inside an enclosure maintained at a higher 
temperature. The null point can be obtained at the same point 
as before by decreasing the value of the standard resistance. 
Statement 2: Resistance of a metal increases with the 
increase in temperature. 

a. Statement 1 is true. Statement 2 is true; Statement 2 is a - 
correct explanation for statement 1. 

b. Statement 1 is true. Statement 2 is true; Statement 2 is not 

a correct explanation for statement 1, ^ 

c. Statement 1 is true, Statement 2 is false. 

d Statement 1 is false* Statement 2 is true. (ITT JEE, 2008) 

Multiple Correct Answers Type 

1. Capacitor C\ of capacitance 1 micro-farad anjd'capacitor!^ 
of capacitance 2 micro-farad are separately charged fully by 
axommon battery. The two capacitors are then separately 
allowed to discharge through equal resistors at'time / - 0. 

a. The current in each of the two discharging circuits is zero 
aU =0 

b. The currents in the two discharging circuits at / = 0 are 
equal but not zero, 

c* The currents in the two dischargin^circuits at t - 0 are 
unequal 

d. Capacitors C { loses 50% of its initial charge sooner than # 

C 2 loses 50 % of its initial charge. (IIT-JEE, 1989) 

2. Read the following statements carefully: 

Y: The rcsistively of a semiconductor decreases with the 
increase in temperature. 

" 2: In a conducting solid* the rate of collisions between free 


electrons and ions increases with the increase in temperature 
Select the correct statements) from the following: 

a, Y is true but Z is false 

b, Y is false but Z is true 

c, Both Y and 2 are true 

d Y is true and 2 is the correct reason for Y (I3T-JEE, 1993) 

3. In the circuit shown in Fig. A2. T56 the current through the 


3Q 

—VWW 


20 20 

AAMAr-r—VWW—| 



MAA/—VW\Ar^—WWli— 

20 20 20 


Fig, A2.156 

a* 3,f2 resistor is 0.50 A h 3 Cl resistor is 0.25 A 

c. 4 Cl resistor is 0.50 A d 4 Cl resistor is 025 A 

^ (IIT-JEE, 1998) 

4. When a potential difference is applied across, the current 
passing through 

a. an insulatoKat OK is zero 

b. a semiconductor at OK is zero 

c. a metal at OK is finite _ 

d ap-ndipole at300K is finite, if it is reverse biased 

(nTOEE,1999) 

5. For the circuit shown in the figure. 



a. the current / through the battery is 7.5 mA 
lx the potential difference across R L is 18 V 
c. ratio of powers dissipated in R { to that in R 2 is 3 
d If /?| and R 2 are interchanged, magnitude of the power 
dissipated in R L will decrease by a factor of 9 

(ITIVJEE,2009) 


ANSWERS AND SOLUTIONS 


Objective Type 


1* b. When a source is connected, a current starts to flow 
through the conductor. Let it be/. Then current density at a 
section is equal to IIA y where A = cross-sectional area. 
Since cross-sectional area at P is maximum, therefore current 
density at P is minimum. Hence (b) is correct. 


J*( 1 lp\ 

Since electric field is —-==— , therefore at/ 5 electric 

a{ Aa A } 

field is minimum while that at Q it is maximum. 

Rate of generation of heat per unit length at a section will be 

/ 2 /> \ 

equal to ——. It ^minimum at P and maximum at Q. 

A 

I * 

The mean kinetic energy of free electrons ^ —mv ^ which is 
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minimum at P and maximum at Q. 

2. c. In element A t the resistance remains constant up to the 
potential drop of 10 V. Further increase in the voltage does 
not increase this current (which is constant at 1 A). This 
means that the ratio VIR A = constant and this resistance R A 
increases linearly with voltage. 

In element B y the resistance decreases gradually upto 15 V and 
afterwards the resistance R B increases linearly with voltage. 
When both A and B are in series, the current in the circuit will 
increase nonlinearly upto 1 A when the total voltage drop 
across A and B becomes 10 +15 = 25 V. Further increase in this 
voltage does not bring about any change in the current as 
shown in solution (c). The voltage drop across A will go on 
increasing while that across B remains fixed at 15 V. 

3. c. Applying KirchhofTs law sit A, C, A the direction of the 
currents in each branch will be as shown in Fig. A2.158. 
Now, it is clear from the figure that the batteries 1 and 4 are 
getting charged. 


Resistance of the second bulb, Ri = — 

P 2 

When both bulbs are connected in series, 

v\n+^) 




JL JL 

A + Pi 
Hence power consumed is 
V 1 


PA 


R 


'r+pA 


X PA 


20 n 


sn 


B 15 v 


© 


7. c. In steady state, no current will pass through the capacitor. 
In the outer loop 
2V-2iR-iR-V=0 
=> i = V/3R 

For the upper loop, V- V c - iR -V=0 
=> \Vd-tR-m 

V 



fA/WWHn 

—VWWv—•—| 

-M- 


——■—1|-WWW— 

20 V “ 

r© 

i 4A 9A 



V i c 

i ii 


\ 3A - 

r ® 

- © 


M M 

5 V “ 





2V , IR 




15 V 


-1|-A/WM- 1 


----*- 

-«- 

->- 

Fig. A2.160 


3 A D l A C 8 A 

Fig. A2.158 

4. a. When only 4 £2 resistance is shunted (i g ) = i/5 
Gxi/5=4x(4/5)=>G=16n 

4 £2 

lAAMA/V—i 


"©■ 


Case I 


i/S 




Case II 


2 n 



rVWWV—| 

4 £2 


4/3 £2 

-WWW— 



—VNAMA/— 

Case III a 

- • > ■' 



i 

— 0) - 

(a) - 

B 




16 n 




Case IV 


Fig. A2.159 

5. d. Initially the capacitance acts as short-circuit and at steady 
state it acts as open circuit. 

2. 


Hence, at t = 0, j = 


At steady state i = 


7x10 

2 

2xl0 3 


■ = 2mA 


8* c. (V A -F fl )-6-3x2 + 9- 3x0>7 = 0 . 
or V a -V b =5A 
or V B - V a = -5A V 

9. d. In (a), (b) and (c), the condition for balanced Wheatstone’s 
bridge is satisfied. However, this condition is not satisfied if 
R { and R 2 are interchanged,. 

10. a. The reading of the galvanometer is same whether the 
switch S is open or dosed. So, there is no current in the 
diagonal arm of the bridge. So, the bridge is clearly balanced. 

P_R 

Q~0 

Since R y .\ Q*G 

In the balanced position I P = Iq and I R = I G 

But J p ^ 1 R and Iq / Iq 

So, (a) is the right choice. 

11. h 1.45 = L3 + Ir A 

1.45= l.S-Ir B 
Ir B - 0.05 
I'jt 0-15 

Dividing, — = - 
r A 3 


= 1 mA 


or 


7 a = 3r B 


6. c. Resistance of the first bulb, R { = — 

p \ 


12. b. Clearly, E 2 =JY 

2= [ 2 Y or 500+7 = 67 

500+y 

or 5y= 500ory=100n 
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13. a. Since j £ 2 <£' 1> a / 2 <V 

14. b. Potential difference P^across Pas determined from#! is 


given by 




f-iLV 

[p+QJ 


Potential V P across P as determined from E 2 is same as E 2 
because no current is drawn, he., V F * E 2 . 

Therefore, 



El _ P 
E\ P+Q 


15. a. In a Wheatstone's bridge, the deflection in the galvanometer 
does not change if the battery and galvanometer are 
interchanged. 

16. a. V^E-Ir y >V= 0 

a . £= Ir t 

Total e.m.f. - lr s =Ir l = 2lr y 
Total resistance = R + r y + r 2 


Now, 


7 = 


27/j 

R + r y + r 2 


or R + r y + r 2 = 
or R- 2r y -r y -r 2 or R-> y -r 2 

17. a. Effective resistance across voltmeter = 50 k Cl. Total 
resistance across the dc supply = 450 k Cl. 


Current drawn form supply = 


1000 V 

450 m 


= A. Potential 
450 


difference across voltmeter 


50x1000 
450 


1000 

9 


V = 1 u V 


1R. d. When r - 0 the terminal potential difference in the arm. 
containing R y remains unchanged, so the ammeter reading 
does not change. 

19. d. When a resistance is joined in parallel with the voltmeter, 
the total resistance of the circuit decreases. Current will 
increase, so ammeter reading will increase. The equivalent 
resistance across the voltmeter decreases and hence its 
reading will decrease. 



—WVNM- 

Fig. A2.161 

20. c. — = or /? = 20 £i 

80 80 

21. a. A and B are effectively in parallel and hence give the same 
reading at all times. 

22. a. The equivalent circuit can be redrawn as shown in 
Fig. A2.162. 


Let 

or 



2Rx2 ^ 

P =-+ 2 

2P + 2 

R = ^,2 

R +1 

■aam- 


-VW\r 


Fig. A2.162 



or 


R = 


2A + 2R + 2 
R +1 


R = 


2 + 4 R 


R 2 -3R-2 = 0=> R = 


R +1 

3+VT7 


Pab - — - 


R 3 + 71? 


23. b. U = I CV 2 = I C{2lRf » 2I 2 R 2 C 


24. a. Potential difference = 0. a Charge = 0. 

25. d. Potential difference across the central limb = 16 V 

= potential difference across 16 Cl = potential difference 
across the left limb. 

current through 16 Q ^ 1 A 
=> current through the left limb 
= 1 A and 7? = 11 O 

+ 2jax(4xl0' 6 )F = 40ns. 

26. b. R(t y + * 2 ) = E [ 



i 2 /? + (/| +/ 2 )^ = ^2 

h * \ + h 

rAA/Wn—V\AAr- 


Cl 

Fig. A2.163 


*2 ” 


£ 2~^l 


R 


[Initially E- E 2 /R] 

27. c. i ^ = 0.05 A 
30 

-20/+ 2.5= F capacilor + 1 



-VW^I 

ll c 

M 

- n + 

Ah- 

*1 . , 
—vwv— 1 


Fig. A2.164 
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V ■ = o_sv 

' tapaciior v 


28. d 


q {-)=CV= 10x03 = 5 
12 


500 + R 


V^iR = 


12 


500+R 


R = 2 


/?= toon 


29. a. 


/? 0 = 2500Q 


£= L25V 

When r is connected in series 
E 


i = 


Ro+r 


^ Ao 
-0—AAMr 


C , r 

-Hh -vw\r 


F1g.A2.165 

Reading in voltmeter ir= } 00 


100= 125- / — xr 
-'2500 + r 


r=625Q 


30. a. 


._ 15 1 A 
t= — = - A 
60 4 



31. a. 


q- eV- 10x7.5 = 75|xC 

E=jp [J = current density] 


/ 

y« —r [r = radius of cross section at distance 

ltr £ 


4 +^ 4 ] 


V from Left end] 


Hence, E~ 


v\ V 


xR[al + (b-a) x\ 


R 


32. a. Resistance of each part = — . 

2 n 


For l n' such parts connected in series, equivalent resistances, 
say 


■■-BH 


Similarly, equivalent resistance say R 2 for another set o 
n identical, respectively, in parallel resistances wohld b 

= -(-)=—■ 
n^in) In 2 ’ 

Forgetting maximum and R 2 , they resistances should b 
connected in series and hence, 




’SK) 


33. a. Either apply KJrchhoff J s law or solve analytically. 

34. d. Use resistance in parallel and series combination. 

35. a. In the steady state, no current flows through the capacito 

36. a. Recall the condition for maximum power flow through 
circuit. 


*K2 

2 ^ 16 8 

c. £ equal - g — - - 

- +2 

3 



Fig. A2.167 


The charge x passing between A and/) will entirely pass to DA \ 
So, we can detach the circuit at point/) and shown in Fig. A2.16' 



Fig. A2.168 

38. <L (0.1+ 0.3 + 0.6 )/1 = (9 + 0.9) x 10 

i - 99 mA 

/= (99+ 10)mA=0.109A 

39. b. The potential of point G should be kept zero. 


40. d. The given circuit in steady state reduces to 
. 12-4 


= 2A 


4 
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41. d. Charge flow through the battery will be 2 CV t while the 
energy stored in capacitor will be the same. 

42- b. Wheirswitch S\ is open 


6 _ _ 

E 

E= 



12V 


\ 

2 


When switch S 2 is closed 


6x10 _ SL 
10 + r “ 121 E 
10 + r= 12 or 


= —xl2 = 5 
12 

r=2fi 


43. d. From Fig. A2.169 



^-r D =15V 
and V c -V D =iR 

= 15x 10 -3 x(l + 999) = 15 V 
V A -V C =1S-IS=0 
Energy stored = 0 

44. a. This is a case of balanced Wheatstone's bridge. 



Fig. A2.170 


46. b. Points A y B y C and D are at same potential, therefore no 
current will be flowing through AB y BC y CD and DA. 

■■■ = (*OA +r ap)M = m (y + a) 

47. b. The equivalent capacitance C cq 

t _ 1 j__5 

2 + 3 ” 6 


6 

= C^= - |XF 

The charge that flows from 
PtoQ 







. 7 V 

48.d.-YT 


1 A 


Current flows in anticlockwise direction in the loop. 
From earthing to v,: 0-1x2-lx 2-5 = V { 


49. c. 


Fj = - 9 V 

. 50 

1 ~20 + 7 ? 


Potential drop across R = potential drop acros£ AB 



50 

20 + 7? 


R = 30 


7? = 30 0 


50. b. In Fig. A2.172, all resistances are connected in parallel. 


A R 2 R 

t^AAAAAr^r^A/WV^ 

R B 

k Aaaaa 

^^VVVVV 1 ‘ 

!■ 


Fig. A2.172 


So, = - and current in all resistances flows 

** 27? + 7? / 2 

from positive terminal of battery (means A end) to negative 
terminal of battery (means B end). 

51. b. Just before S\ is closed the potential difference across 
capacitor 2 is 2e* 
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Just after S { is closed the potential differences across 
capacitors 1 and 2 are 0 and 2e respectively. Applying KVL 
to loop ABCD immediately after S ] is closed, 

e = -iR ] +0+2f, / =— towards left 

52. cL This is a dc. circuit because the battery is the only source 
of voltage. Hence* the capacitors behave like open circuits. 
An equivalent circuit is then rwo parallel sets of two identical 
series resistors (see Fig. A2.174). The voltage drop across 
each parallel branch must be the battery voltage of 3 V. Since 
the resistors are identical there is an equal voltage drop of 1.5 
V across each resistor. In particular there is a drop of 1.5 V 
across resistor A . 



u r ±c4 a u= { -a4-4) 

Q m = +C£ i ,Q / =-C£ i > A Q= \Q / -Q i \ 

= C(£j+£,) 

Work done by battery W b - ^ AQ 
= C(f 2 +£j )£ 2 
Heat generated = W b - AU 

= C4+C£ l £ 2 -^C(4~4) 

= ^C(4+4+2£ t e 1 )=^C(e l +£ 1 f 
54. c. Apply KVL, 


R in 



2 dt dl 


55. h 


h= 


E-IR-~R-— = 0 
2 C 

E-±IR-t= 0 
2 C 

E--x2^-R-l = 0 
2 di C 

q (l) = EC( l-e-' nRC ) 

5 


2 + 3 
5 


■ = 1 A 


/,= = - A 

2 3 + 3 6 


^-0 = 3/, 

V B -0~ 3/j 


^ = 3V 
K fl =2.5V 



-a 

5 V 


Fig. A2.176 

Potential difference across capacitor 
= 3 V-23 V = 0.5 V= 1/2 V 
q=CV=2xm=\\iC 

56. a. If V x decreases, then potential difference across xz will 
decrease. So, to have same potential difference, i.e., V 1 
across xz , lengths has to be Increased or z should be moved 
towards y. 

b. is incorrect, because for this z should have been moved 
towards x. 

c. will be incorrect because xz can get warm up if current 
through it increases which is not possible. 

d. is incorrect, because there is no current in , 

57. c. After long time, current through the capacitor = 0. 

12-4 

Current through the 6 Cl resistor, i - -= 1A 

8 

Voltage across capacitor, F-4 + (6)(1) = 10 V 
Charge on the capacitor, Q =(10)( 10)= 100 |XC. 

After the insertion of the dielectric 

1 


C= 


As d 


d d d 

-1- Y - 

3 3 3(2) 


_ AEq 

~1T 


= (10) 


US'6 )) 


= -(10) = 12^F 
o 


Hence, voltage across the capacitor remains same. 
Charge on the capacitor, Q = (12) (10)= 120 jiC. 
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58. d. At the equivalent circuit is 


*2 



/= 


10 


+■ 


Ry + 


1 + 


10 


(2) (2) | + ( 

2 + 2 


= 5A 



^=/tf 3 = (5)(l) = 5V 
2mox — $ pC. 


At / = 0, the equivalent circuit is 



R 2 

and ] Ri R\-I r ^R 2 => j - ^ 

r 2 i 

59. d. As V- e-Ir 

from graph it is clear that slope - -r ~ -y/x 

or r = y/x 

60. c. Initially all three capacitors are irv parallel 

4= — x3C' V 1 = -CT 2 
2 2 

When key is closed two capacitors are in series. 



A£= = -CK 2 

J 4 

61. c. Equivalent circuit; 

5 V 30 5 V 40 

I-(|—WM-i(^A/WW-*-i 

A B 

,r / 

30 

--—WWv- 


' = 1T = 0 => f.-r.-o 

So, current will be only in the smaller loop containing the 
6 V and 4 V battery. So, current through the 6 V battery, 


62. b. Using KVL, 



2/ l -(/-7,) = 0 =* / = 3/i 

and (/-/ l ) + 2/ 1 =4 

Solving, we get: l 4 = l A and / - 3 A 

current through AB = I-2I { - (3 -2) A - 1 A 

63. b. As potential gradient k in (he potentionmeter wire will be 
less than (fi^lOO) (V cm” 1 ) because of the presence of r. So 
for the battery of e.m.f e/2 the balance point / will be greater 
than 50 cm as shown. 


/ = 


e/2 


k(<ef\ 00) 


► / > 50cm 


64. lx 


loo n 



6 ! \ 


Fig. A2.181 

Wheatstone's bridge is in balanced condition, 


so 


100 * 
100 _ 100+s 
C\ t 2 



x=ioon 


Fig. A2.179 



















































A2.38 Physics for IIT-JEE: Electricity and Magnetism 


65. d. For maximum current, net resistance of cells must be equal 
to 2.5 


U.iM-25 

m 

and m x n = 45 
Solving, wegettf = 15, m =3 
66. h 


0) 

( 2 ) 


240 i 



120 | 240 


Fig. AJ2.182 

From Fig. A2.182, 

AC l -AC 2 = C X C 2 - radius 
ZAC X B= 120 ° 

The resistances of the four sections are 24,12,12 and 24 Cl. 
Hence, equivalent resistance R across AB is 


R 


1 1 l 1 „ _ 

= — H-1—- h -or P = 4 

24 12 12 24 


Power 


= v 2 (20) 2 


R 


100 w. 


67. a. In potentiometer wire potential difference is directly 
proportional to length. Let (he potential drop of unit length 
a potentiometer wire be K. 



For zero deflection the current will flow independently in 
two circles: 

IR-Kx 10 (1) 

IR + lX=Kx30 (2) 

Subtracting equation (2) from (l), we gel 

lX=kx 20 (3) 

Dividing equation (1) by (2), we have 

_R_ J_ 

X ~2 


68. d. In first two circuit diagrams, corrections have to be made 
while third one is absolutely wiong. So, none of the circuit 
diagrams is giving correct value ofP. 

69. b. The ammeter is not showing any reading. It means the 
potential drop across CB due to E { is equal to that of the 
e.m.f. E 2 ■ And this is the reading of the voltmeter. 

70. c. From work energy theorem 

ei - i 2 r 
k 

71. c, E =-, where X is the linear charge density of the 

Inner cylinder. 

And V= \ EdC = —(n f-1 (i) 


Now, /= Jjd~A = ajEdA 
= <t \——— Inr dr 

J 2/zv 

Current per unit length will be 
/= — 


(ii) 


From(i): 


/= 2<cte 0 


2.110 

■ V =- V 


£ 0 ih(b/o) Cn(b/a) 


Alternatively, 


1= 


-w-j 


1 dx 


a 2rtx 1 2 nr 


1 -in\- 


72. h. 


/= 


2mV 
£n (bfa) 


50= 10 [R + r] 
R + r= 5C1 




R 


R+r 
R + r=4R 
r=3R 


0.25 = 


R 


R + r 


Then R= — = 1.25 Cl and/' = 3.75£2 
4 


73. d 


P= F7=>50 = 5x/=*/=10A 


Power lost in cable is 

= I 2 R = 10x 10x0.2 = 2W 


Power supplied to tape recorder “50W-2W=48W 
74. d. Using llte condition for Wheatstone's bridge to be balanced, 

P_ R P _ R(S X +S 2 ) 

Q ^ ^ 1^2 ° r Q~ S X S 2 
S\ +S 2 
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75. d. For balanced meter bridge (null deflection) 

55 20 

T =- 0 , *=220 0 

76. a. Across the dotted line the circuit is symmetric 


3n 4n 3fi 



77. b.£,= -x3CxK 2 = -CT 2 
' 2 2 



A£= -CK 2 
4 


78. b./= 


£-£) 


£ - E 7 
R+ R' 



E-.E 1 _ 

E-E} R+R' 

Ej-Ei = 

^-£ 2 ~ £' 

/- 5~ £ 2 
R 


2x1 

79. c. Potential drop across 10 = -yy V. This potential drop 
exists across capacitor. 


e=cr=-^c 

80* b. The current will pass through only resistance part of the 
9 

circuit. Hence I - -—-—- = 1 A 
1+6 + 2 

Potential drop across 3 \i F capacitance is 


^AB~ ^AB + ^5C =l x 6 + -Xl = 6.5V 


(Apply current division for current in branch which is 
1/2 >4.) 

81. b. If potential drop across X is 2 V, then no current will pass 
through ammeter 


or 

or 


600 + X 
4X*= 1200 
300 n 


82. c. R 


V_ 

l 



20 + L 
'2.5 + 0.5 

AK + A7 


= 8±AK 


_L 005 
20 + 2.5 


0.07 


;=> AR- (0.07) S = 0=56 Cl 
R=(S±0.56)C1 

83. d. With these diagrams we can easily find that maximum 
equivalent resistance will be across voltmeter of range 10 V. 


/ 1 mA 


*0 

- 0 - 


1 mA 


-AA/V 


Rg 


Fig. A2.187 

84. b. Slope of line (1) is less than that of (2) therefore resistance 
of l is more than resistance of 2 and resistance increases 
with temperature. 

85; c> Across P and Q 
In circuit (i) 


» LOxlO ^ 

R ncl =-- 5 Cl 

10 + 10 


In circuit (ii) 




10 x (5 + 5) 
10+(5+5) 


86* c. Power = I 2 R. 

87. c. 7, and J 4 increase 

88. a* The circuit is equivalent to 
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Let each half side has resistance 
p{rd2) 



Fig. A2.189 

on solving. 


R= - 
2 


2r + 


(2Q(rV 2 ) 

(2 + j2)r_ 


= rj2 


R = pdly[2 
89. c. Equivalent circuit is 

A B 15 10 



Equivalent resistance = 37.5 Q 
90* d 



^HWV 


I—VW--HVW- 1 

W2 r 


/ 4 


Wr 


, Fig. A2.191 

= r (By Wheatstone's balanced bridge concept.) 


91. b. Energy stored in capacitor when it is charged up to 2 V 


= ^ x 10 x 2 2 = 20 |iJ = Wj (suppose) 

Energy stored in capacitor when it is charged up to 4 V 


1 , 

= - x 10 x 4 = 80 pJ = w 2 (suppose) 

Increase in charge = 40-20 = 20 pC 

Energy drawn from cel1 = 20x4 = 80 pJ = i/ (suppose) 

Heat produced = u { + u - u 2 

= 20 + 80-80 = 20 pJ 

92. b. The circuit can be folded about B and redrawn as 



R R R R 

2 2 2 2 

Fig. A2.192 

Hence equivalent resistance between A and B is 2R. 

93. d. R=-'k—!— 

o AnR 1 

Using values, R = 5xl0~ u Q. 

94. b. Since current 1 = neAv d through both rods is same 
2(n)eAv L =ne(2 A)v n 



95. c. i =— = slope of q-t graph 

dt 

= -5 (which is constant) 

Amount of heat generated in time t = i 2 RT 

oc t 

96. b. From relation E = pj, the magnitude of electric field is 
greater in right rod as compared to left rod. There force 
magnitude of potential gradient in the right rod is greater 
(remember potential is continuous). 



Fig. A2.193 

Therefore, the variation is shown by the figure. 


97. a. Equivalent circuit, R lKl = 


8 R 
11 
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10 Cl 10 a 




2s‘tnm = 

10 

x= 20 sin lit 


— = (20;r cos xt) cm/s 
dt 

99. b. Circuit is forming a Wheatstone's bridge. SoT?^ = 27L 
For maximum power transfer 2 R ~ r. 

100. a. Potential difference across AC is zero as 


E=\0 V 
i-1 n 



Fig. A2.196 


5-27=0 
7= 2.5 A 

Let the resistance of part BC be v 
Applying KVL 
10 + 5-27-7r-7=0 

2.5r= 7.5 => r=3 O 


As resistance of part AB =9 0. 
Lengthv4C= 66.7 cm 



102. b. If 7* is disconnected, R^ of circuit increases hence less 
current is drawn. 


0 + —| =x 


=!> as i decreases, x increases 
103. b. From the hint, the equivalent resistance of the circuit 


That is, R T + 


1 


l/^+i/a*, 


- A:q 



is just 


R*. 


Fig. A2.197 


RiR^ = 


R t Rl + + ^cq ~~ &L ^eq + ^eq 

^-R T R^-R T R L = 0 

_ R t ±^Rt- 4(1)(-7? t 7?£ ) 


cq 


2 ( 1 ) 


Only the positive sign is physical. 

- (j4R L R T +Rf +R t ^J 

For example, if ^ r = 1 £5 and R t =20Cl,R ai = SO. 


Multiple Correct 
Answers Type 


' ; v' r v V 


La^b^d. 

Electric current at a point on the circle 
i = fe , where/= frequency 

a> _ K 0.6xl0 6 x;r 
2;r 2nr 2^x5xl0' n 
i= 6x 10 15 x L6x LO" 19 
- 0.96 x 10“ 3 A = 0.96 mA 


= 6 x 10 i5 rev/s" 1 


2. a.,b M d. 


/s= 5 
r \ + >2 


^ ^ + I r i " ~ “ 


f,r 2 


3. b^c, 

Use relations Q = Qo (l - e~^ RC ) and i=i 0 e~^ RC . 

4. a.,b. 

Connected the voltmeter in parallel. 

5. a.,c. 

Use symmetry. 






































A2.42 Physics for IIT-JEE: ELectricity and Magnetism 


6. a M c. 

Use Ampere law, 

7. a*,d. 

Resistance of upper bulb, 

fl,= 100 2 /25 = 400 Q 

Resistance of lower bulb, 

R 2 — 200 2 /100 = 400Q 


Equivalent resistance of the circuit: R = 500 Cl. 

Heat lost per second in the circuit is 
= 200 2 /500 = 80 J s _l 

Potential difference across branches AB and CD will be 
same. Hence, ratio of heat generated in them is 

ab _ &CD _ IMP „ 2*1 
Heat^j R ab 500 

Hence (c) is incorrect. 

Since potential difference across branches AB and CD will 
be same but their resistances are different, so current in them 
will be different As the resistances of the bulbs are same 
so heat generated in them will be different Hence, (b) is 
incorrect. Current drawn from the cell is 
eiR^ = 200/500 = 0,4 A 

8. a.,b,,c M d. 

Potential difference across the terminals of the cell is given 
by V- E - ir. Hence, the graph between V and i will be a 
straight line having negative slope and positive intercept. 
Hence, (a) is correct. 

Total electrical power generated is Ei and thermal power 
generated in the cell is i 2 r. Hence, thermal power generated 
in the external circuit is P = Ei - i 2 r. So, the graph between P 
and / is a parabola passing through the origin. Hence, choice 
(b) incorrect. 

When terminal potential difference across the cell is V t 

E-V 

current flowing through the circuit will be / = --and 

v 

thermal power generated in the external circuit will be equal 

(E-V 
toP=Vi=v\ - 


EV V 2 
r r 


Hence, the graph between P and Fwill be a parabola passing 
through the origin and having a maximum value of Pat V= 


—. Hence, choice (d) is correct. 

At an instant, thermal power generated in the cell is equal. 
to /V and total electrical power generated in the cell is equal 

iV ( r \ 

to Ei. Hence, the fraction 7j = — = — /. 

Ei l E) 


Hence, the *;■ 1 h between r\ and i will be a straight line 
passing through the origin and having a positive slope. 
Hence, (c) is correct. 


9. a., d. Equivalent resistance of circuit = (2.5 + 1.5) = 4 Cl 


20 

Current through battery: 7= — = 5 A 

A 


Current through P = Current through Q = ~ = 2.5 A 

^-K g -3x2.5 = 7.5V 

V a -V q = 2x2.5 = 5V 

From (i) and (ii), we get V p = 2.5 V. 

10 . b.,c., d. 


0 

(ii) 


Disregard capacitors and find the current through G. The 
potential difference across each capacitor is then found from 
the potential difference across the resistances in parallel 
with them. 


If b.,c» 

1 V 2 

As — and actual power consumed P=-—■, lesser 
W R 

the resistance (i.e., higher the wattage), greater the power 
consumed. If the bulbs are connected in series, actual power 
P = \ 2 R => P R. Hence, in series connection low wattage 
bulbs glow more. 

12. a.,b.,d. 

As A and B are connected in series, hence IA = IB. The 
potential difference across both the branches will be same. 


Tt 

•— 



<5> 


t 2 

-• 


x~®~ 

Fig. A2.198 


^^b^b —fc^c or 7 ~ — 
J c 




13. a.,b.,c. 

In the simplified circuit, the circuit is a balanced Wheatstone's 
bridge and a branch of 20/29 Cl and R is parallel with this 
balanced bridge for maximum power. 



Fig. A2.199 





























>-=R, 




1 = 


1 


1 


i 


(3 + 6 ) (2Q/29+R) (4 + 8 ) 


or 


A-i«Q 

25 


Maximum power developed in the external circuit is 

v 2 




x l “ 1 w 


Current through the upper branch 
(| + .)<4 + 8 ) 



7 - is independent of R. 


14. a.,d. 


*,-- 

W, 

1 


V i (220 ) 2 


25 


= (22 ) 2 x4£2 


*2 = 


V 1 (220) , 

- ’ =(22) 2 D. 




W 2 

“WWV" 


100 


Ri 

■AAMAr 


-• 220 V •- 
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_ _fi._ 


Fig. A2.200 

Current in the circuit when the bulbs are connected in scries, 


/= 


220 


10 


= —A 


( 22) 2 x4+(22 ) 2 22x5 1 1 

2 


Hence, P { = I 2 R^ = 


“(n) 


x (22 ) 2 x 4 = 16 W. 


And P r / 2 * 2 =(^) x(22 ) 2 =4 


w. 


15. a.*c. 

4 and 6 Q resistances are short-circuited. Therefore, no 
current will flow through these two resistances. Current 
passing through the battery is 1 = (20/2) - 10 A. 


This is also the current passing in wire >4# from B to A. 
Power supplied by the battery 

Z 3 - £/=(20)(10) = 200 W 
Potential difference across the 4 Q resistance 
= potential difference across the 6 Q. resistance = 0 
16. a.,b.,c.,d. 

a. Potential difference across each cell = V P - Vq . 

h If it is clockwise lhen-E 2 is supplying and for the reverse 
case Ei supplies the energy. 

c. Potential difference = E=ir y when battery supplies energy. 
It is E + ir> when battery consumes energy. 

ByKVL, i = ——— (anticlockwise) 
i\ ^" ,m 2 


V P -V Q =E i -ir t = 


r t + »2 


17. a.,c. 

There is zero potential difference across the 4 and 6 O. 
resistances. 



Power by battery 

/> fr =£j=20xlO = 200W 

18 . a*,b. 

For null point, current flows in the loop CD only. 


Hi-VWv 


pHi-AAMr-, 


-| i—vww 

Fig. A2.202 



3 V 


2Q + lfi 


■ = 1A 


1V - 1 < 1)=0 
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/. Option (a) is correct. That is, V A > V B 

When jockey touches B y current from A to B increases the 

P.D. across the secondary circuit. 

/. Option (b) is correct. 

19. 

R = Li A 
(Ry J tR 2 ) 3LI4 

3R=(R [ +R 2 ) 


R+Ry = 2/3 
*2 1/3 

^ 3R=R 2 + R l 

R — 2R 2 — R y 


4R- 3^2 



20. a., b., c. Initial charge (before filling the dielectric slab) 
= 10x10=100 [iC 

Final charge (after filling the dielectric slab) - 10 x30 - 300 pC. 
Increase in charge = 20 pC 

21. a., b., d. Let the currents be as shown in the figure 


A 

2 

2-i w 


; / ioa 


B 


Mma,— iM 

1 D 2 C 


Fig. A2.203 


Applying KVL along ABCDA> we get 
=* -10r-2+(2-i)l =0 

i'= 0 

Potential difference across 

*=(2^i)l=2xl=2V 

22. a.,b.,c., d. 



Fig. A2.204 

After redrawing the circuit 



Fig. A2.205 


a./ 4 = 5 A 
h From loop (1) 

- 8(3) + Ey -4(3) = 0 => E { = 36V 

From loop (2) 

+ 4(5) +5(2)-£ 2 +8(3) = 0 
E 2 = 54V 
c. From loop (3) 

-2R-E } + E 2 = Q 


R= 


E 2 -E i 

2 


54 

— -36 = 9 W 
2 


23. a. P, b. P, c. R, d. R 

In each case, there will be no current in the branch containing 
voltmeter or ammeter. 

Therefore, reading of the instruments will be zero. 

24. b^d. 

Power supplied by 20 V cell = (-1) (20) = - 20 W 

25 V 25 V 25 V 25 V 

12 V 

25 V 



Fig. A2.206 

As the cell is not supplying the power, it is eating the power, 
thereby getting charged. 

25. b M c. 

(moderates) As the length is doubled, the cross-section area 
of the wire becomes^half, thus the resistance of the wire 

£ 

R= p— becomes four times the previous value. Hence after 

the wire is elongated the current becomes one fourth. 
Electric field is potential difference per unit length and hence 
becomes half the initial value. The power delivered to 

V 2 

resistance is P =~— and hence becomes one-fourth. 

R 

26. a M b.,d. 

Total charge = J 1 dt = Area under the curve = 10 C 
f Idt 

Average current = —;— - 5 A 

\dt 
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Total heat produced = J I 2 Rdi 

= J(-5/+10) 2 kfr=^P J 
o 3 

Maximum power = I 2 R when/is maximum current = 100 x I 

= 100W. 

27. a n d. 

24-2x 10 3 /-6x 10 J (/— /) — 0 
24-2x 10 3 /~ 1.5x 10 3 /= 0 
Hence /= 7.5 mA 

i =6 mA 

24-6x 10 3 /'-2x 10 3 (/'-/') = 0 
24-6x10 3 /'-).5x10 3 i' = 0 
/= 3.5mA 
/' = 2mA 




Assertion-Reasoning Type 


1. c. The electrons suffer a large number of collisions with the 
positive ions of the conductor. Although the electric Held 
accelerates an electron between two collisions, it is 
decelerated by collision. The net acceleration averages out 
to zero and the electron acquires a constant average speed. 
The gain in speed between collisions is lost in the next 
collision. 

2. cL The condition for no deflection of the galvanometer is 

^ &AC 
R 1 R CB 

where R AC and R CB are the resistances of the bridge wire of 
length AC and CB , respectively. If the radius of the wire AB 
is doubled, the ratio R a J r cb w 'U remain unchanged. Hence, 
the balance length will remain the same. 


3. d. If the diameter of wire AB Is increased, its resistance will 
-decrease. Hence, the potential difference between A and B 

due to cell C, will decrease. Therefore, the null point will be 
obtained at a higher value of*. 

4. A2. Both statements L and 2 are true. In statement 1, R is 

varied while in statement 2, R is kept constant. Hence, both 
statements are independent. ^ 

5. c. From relation J - oE y the current density J at any point 

in ohmic resistor is in direction of electric field E at that 
point. In space having non-uniform electric field, charges 
released from rest may not move along EL. Hence statement 
1 is true while statement 2 is false. 

6. d. As the length of the wire is doubled, the cross-sectional 
area of the wire becomes half. Therefore, resistance of 
the wire becomes four times and the current becomes one- 
fourth of (he initial value. 

Also, V d =- — 
neA 

Since current becomes one-fourth and cross-sectional area 
of the wire becomes half, therefore, from the above equation 
the drift velocity of electron becomes half. Hence, statement 1 
is false. 

7. d. V=iR. 

8* d. Conceptual. 

9. a. Charge on capacitor q = CE (l -e~ t/CR< *) 


at 


/= dq _ E 

’ di R^ 

r tf 

0 , / = 


^cq R + r 


■ resistance offered by the capacitor is zero. 


10, a .V a -E-Iv+V b 


V A ~~V B — E + Ir 


A *- 


E 


-A/VW- 


-+B 


Fig. A2.208 

Similarly, V A -V B ~E-lr. 

E 

A »-«-11-WA-■ B 


Fig. A2.209 

11. a. When current flows through a conductor it always 
remains uncharged. Hence, no electric field is produced 
outside it. 

12. d. The electrons are in motion which constitute electric 
current in a conductor but numbers of positive and negative 
charges arc same. 

13. a ,R=p- Where / = 21, A-AH 

:A 

Because volump.Fi “ V^ 
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14. a.Here E= 2V, / =| = 1 A and/ = 1 Cl 

V= E-ir = 2-(l)(l)= 1 V. 

15. d. Direction of flow of current is from higher potential to 
lower potential. 

16. d» V= £ + /?' when charging of cel l takes place. 

17. b. On increasing temperature of the wire the K.E. ofelectrons 
increases and so they collide more rapidly with each other 
and hence their drift velocities decrease. Resistivity also 
increases and resistivity is inversely proportional to 
conductivity of material. 

18. d. In a simple battery circuit the point at the lowest potential is 
the negative terminal of battery. The current flows in the 
circuit from positive terminal to negative terminal. 

19. a. Since current arises due to continuous flow of charged 
panicles. There is no free charge in insulator. Hence, no flow 
of charges is possible. Therefore, current does not flow 
through insulators. 

20. b. Current is independent of area of cross section. 

21. d 

E=pJ t as area and current are same, J is same but p is 
different, 

.\ E is different. 


Comprehension Type 


For Problems 1-5 
l.b., 2. b« 3. c., 4. 5. a. 

Sol. l.b. t ]= ' — - 4200 ^~ A 1 x 100 = 250/3 = 83.34% 
420x4.8(0-#,) 

2.d. 77 =---— x 100 = 62.5% 

420 x 6.4(0- 0,) 


3.c. 


H a = 0.2 x 1680(0- 0 ,) + 0.4'4200(0- 0 ,) 
= 420x (0.8 + 41(0-0,) 

H B = 0.4 X 2450(0- 0,) + 0.4 x 4200(0- 0,) 
= 420 X (2.4 + 4)(0— 0,) 

_ 4^3 
H B 6.4 ” 4 

4.b. H ,= —x 6 
A Rj 


Hn= -X8 

fl R b 

H a Rg 3 . H a 3 
—- — x- but —- =- 


H „ 


H A 4 


H„ 


(0 

(u) 


Then R b = R a 


5. a.(i) —x 6 = - 


Ha (Ra+R B ) 2 
But R a = R b 


Rj X'a 


V , V 

-x 6 =- 7 - Ra Xt A 

H a 4 R 2 


/ / , = 24min 


(ii) —x8 = 


B (E^^-Rb) 


2 R B xt B 


8 ^ R b 
R b 4R 2 


>t B = 32 min. 


For Problems 6-8 

6 .c, 1. a., 8 . c. 

Sol. 6 . c. V=E+ir (during charging) - 14 V 

7. a. P = ft r (due to internal resistance) = 50 2 x 4 x 10 " 2 

= 100W 

8 . c, Rate ofchargmg=jE7 = 12 Vx50 A-600 W 
For Problems 9-13 

9*b*, 10. c., 11. c., 12.c., 13*a. 

Sol. 9. b. As per the figure V bc =0.10x2 = 0.2 V 
So actual drop= 12-0.2 = 1L8 V 

Then *=— = 1180 

0.1 

V 12 

10- c. l v =— =-— = J,2 mA 

v R y 10000 

Then the actual current 1 in the resistor is I = 0.100 - 
0012 = .0988 A 




Y ah 


12.0 


= i2in 


11 . c. 


/ 0.0988 

1.50xl0 -3 0.75 


50+7? 5 +500 


Rg =450 Q 


0.9 


12. c. — xl.50xl0 -3 =- 

4 7? + 100 

R + 100= 800 


* = 700Q 


300 + 200 + 100 
For Problems 14-16 
14.a., 15. b., 16. b. 

Sol. 14. fl. / « , 3/2 


1.5 mA full scale 


/, (4r ) 3 ^ 2 8 

h~ r v2 "l 

15. b. P = — => 2xl0 3 = — 

R 20 

V= 200 V or applied voltage < 200 V 

16. b. Tj =-x 100, where R—r y efficiency will be maximum. 

R + r 

Hence u = 50% 

For Problems 17-21 
17.a.,18. c., 19* c« 

Sol* 17. a. I G x26 = (I y -I G )(Ri +/? 2 +/? 3 ) 
0.01x36“0.09(/?,+/? 2 +/? 3 ) 

^ R^ = 4 El (i) 

18. c. 1 G (3 6 + R 3 ) = (/ 2 —I C )(R\ +R 2 ) 

0.1(36+7?,)= 0.9 (*, +R 2 ) 
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36 + ^3=99^+99^ (ii) 

But from(i) and (ii),we get 
100^+100/? 2 = 40 
+ * 2 = 0.40 £2 

19. c. 7^(36+ R 2 + R$) =(/ 2 -I g )xR^ 

0.1(36+/^+J? 3 ) = 09.9x* 1 
Solving, we get = 0.040 Q 

20. 4 3.00x1.5 xlO - ^/?^^) 

2000 = 25+^1,^1 = 1975 

15,0 = 1.5 xl0" 3 (^ + «,+^ 2 ) 

R 2 = 8000 n 

150 = i.5xlO" 3 (J? c +^| +R 2 +R 2 ) 

10 s =10000 + ^ 

R 2 =90,000 Cl 

21. d 

For Problems 22-24 

22.c., 23. a.,24. a. 

Sol. 22. c. Just after closing, capacitor behaves as short circuit 
and all current flows through it; hence ammeter reads 
zero. 

23.a After long time capacitor behaves as open circuit and 
no current flows through it. 

Therefore after long time capacitor behaves as an 
open circuit and no current flows through it. 


Therefore i - ——— = = 2 mA 

10 + 5 

24.a. Just after reopening, potential difference across R 2 
remains same initially as charge on capacitor does not 
change initially. Hence current remains same. 

For Problems 25-27 

25.a., 26. a.,27. d. 

0 n n Ry.R v n 

Sol. 25. a. Ra R* — ^ R 

R + Ry 

26. a.R B = R + R 0 >R 

27. d. (Tough)% error in case A. 


R 


xlOO = 


R + Ry 




xlOO 


xlOO »-l% 

. R + Ry 
% error in case B 

^xl00 = —xlOO = 10% 

R R 

Hence percentage error in circuit B is more than that in A. 
For Problems 25-27 

28.b., 29. b.,30. d. 

Sol. < o -0.1 A,£ 2 = 4 V,i' 2 = 0 


i2~ 0 /|*IUA 



Fig. A2.210 


As 0,11? i + 0.1 R 2 — 0 

0.1R 2 -4V = 0 

R 2 = 40 Cl 

Now: i 2 =0.3 A, <’| =0,1 A,£ 2 = 8 A 
Now: 0.1 +£j -8=0 

0.2 A 


0.3 A 

8 v 


Fig. A2.211 

0.1 +4 =0 

0.2 7?| — 4 = 0 

tf,= — = 200 
0.2 

£) = 2 +4 = 6 V 
For Problems 31-33 
31.d.>32» c., 33. b. 

SoJ. At steady state, the circuit will be simplified to 
SCI SCI 


/. 

—VWv— 

—vwv- 

] f V 

45 V“ 

— vww 



10a ion 

Fig. A2.212 

Using Kirchhoff's law, we can calculate 7= 1 A. 

Further using KirchhofTs law in original circuit, we can 
calculate charges on different capacitors. 


Matching Column Type 


1. a. —* r., b.+ q., d. + q. 

Current through any cross section should remain same. 
l = neA»fr as area increases, drift velocity decreases. 

E is directly proportional to v d , so E also decreases. 

If E decreases then pA> across a segment of fixed .length also 
decreases. 

2. a. —»n, b. —> r., c. —> s., d. q. 

From relation <jE 

Multiplying both sides by cross-section area of rod A t we get 
JA = oEA or / =<x0 
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— =— = resistivity of the rod 


-* = — « resistivity of the rod 
J a 

aV-iV = power delivered to the rod 
V V 

— = — = resistance of the rod 
o$ i * 


3* a. q>, b. -> r., c. -> r M d» -> r. 

When the switch is closed, equivalent resistance is R, After 
opening die switch, equivalent resistance becomes 2R. 
Hence, equivalent resistance increases. 

Also current through battery decreases, hence ammeter 
reading decreases. Current through left R also decreases. So 
voltmeter reading decreases and power dissipated through 
left R also decreases. 

4. a.—> p., b.-» s., c* S -5 d.-»q. 

a Since current in both rods is same. 
n { e^A { 

ii) n 2 A 2 1 2 

i*2 U| >^| 2 1 

h. E-pJ - p — 

// 

— = — x — =-= 4 
^ Pi A, 1 J 

p.d. across rod 1 £. 

c. J -- —-= 4 

p.d. across rod H E 2 x £C 

Average time taken by free electron 
cL- 

Average time taken by free electron 

to move from A to B 
to move fi'om B to C 


=dl x J^ = \ 


\ 


BC 


a. —> p.j b. —^ q«, c. —> p« d. —> s, 

a. We know that power developed by R is maximum for R = r. 


- 

Hi-—AAA,— 
£ 

Fig. A2.213 


b Initially, angle between area vector of loop and magnetic 
field is 90°, it becomes zero and then again 90°after 180° 
rotation. 


<p= BA cos $ 


e- - — = BA sin oj — I = BA to sin# 
dt \dl) 

c. AB is the angle of rod before the lens is displaced. CD is 
the image of rod after displacing the lens perpendicular 
to the principle axis. 



Fig. A2.214 


As Q) in increased, z is decreased, so current through 
bulb will increase thus increasing the brightness. 

6» a. —» p M 1 % s., b.->p M q., c.^q.,n, d.->q,,r,,$. 

When S is open: 



/ 2 = - = 3 A 
2 2 

Loop /tDCBA: 

15 - 20 + 6+ 10 = 27, + 4/j + ll 2 + 17, 
/, =-2 A 

Current in A, tindA 7 : 

/ 2 -/, =-2-7.5 = -9.5 A 
Current in A 4 and,4 s : 

; 2 -J y =3-(-2)=5A 
After closing S: 



/. =— = 7.5 A 


/, = — =3A 


/, = — = 10 A 
3 1 

20 

1 4 =— = 5 A 
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Current in 

/i + / 4 =7.5+5 = 12.5 A 
Current in A 2 : 
f 3 -I { - JO-7.5 = 2.5 A 
Current in A a \ 

I 2 -I 3 =3-10 = -7A 
Current in A s : 
y 4 -/ 2 =5 + 3 = 8A 

7. b.-»q n r., d.-> p (J r. 

a- ForP max = ^ = 2r 



8. a. -4 n, b. -4 s., c, -4 s,, d» -4 p. 

a. It is possible that, Less length of potentiometer wire is 
used for positive terminal ofe.m.f to be measured may not 
be connected at extreme ends of the potentiometer wire, 
h Sensitivity of potentiometer decreases, 
c. Sensitivity of potentiometer decreases 
d Accuracy of the potentiometer increases. 


Archives 


Fill in the Blanks Type 

V 1 

I. We know that P = — 

R 

„ V 2 100x100 „ . 

R = — =-—— = 20 Cl. For the bulb to deliver 

P 500 

500 W, it should have a potential difference of 100 V across 
it. This would be possible only when R = 20 Cl. Because in 
that case both resistances will share equal potential 
difference and the potential difference across the bulb will 
be 200 V. Hence, the answer is 20 Cl. 

20 Cl R 

-VWVv-\AAAA- 


“O 200 V O- 

Fig. A2.217 


2. The given circuit may be redrawn as shown in Fig. A2.218. 
Thus, the resistance 2 R t 2 R and R are in parallel. 

_ _ 1 1 1 1 2 „ _ R - 

Hence,-- — + — + — = —. Hence, R AB = — Q. 

R ab 2R 2R R R ab 2 



Fig. A2.218 


3. Let a current 1 (low through the circuit. Net e.m.f. of the 
circuit = 8 (5 V) = 40 V. Net resistance in the circuit 
= 8(0.2 Cl)= 1.6 Cl. 


Current flowing through the circuit. 


40V 

/ = —— =25 A The 
1 .6Q, 


voltmeter reading would be V -E - IR = (5 V) - (25 A) 
(02Cl)~5V- 5V = 0. 

Alternatively: wc can apply KirchhofFs law in the loop and 
find the current. 


True/False 

1. False: An electrolyte solution is formed by mixing an 
electrolyte in a solvent. The electrolyte on dissolution 
furnishes ions. The preferred movement of ions under the 
influence of electric field is responsible for electric current. 

2> False: The electrons in a conductor are free and have thermal 
velocities. Thus electrons will be in motion even in the 
absence of potential difference. 

3. True: For a given voltage, current is more in case of T\ 
(Fig. A2.219) 



Fig. A2.219 


Since, V -IR\ R = —. Resistance is less in case of T,. Fora 
I 1 

metallic wire, resistance increases with temperature, 
therefore T 2 >T i . 

Single Correct Answer Type 
1- b .R 2 =R i (1 +aA7) 

2 = 1(1 +0.00125 x AT) =>Ar=-!-= 800 

v 0.00125 

=* t 2 ~ r,=800 =► r 2 =800+r, - 800+300 => i iook 

2. d./f=/ 2 i?/=/V—L/ 
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3. a.7<* — \V oc- for metallic sphere, at inside point 

r l r 

4. b. Let I { be the current flowing in 5 Q and (I -I]) in 4 Cl 
and 60,. 


i-h 


4 ci 

A \ —V\MAr 


6CI 

-AAAAArn B 


SCI 

-AMA/V- 


Flg. A2.220 


The heat generated in 5 Cl resistor is 10 cal/s = 4.2 x 10 J/s 
a 4.2x10 =I?R 

r 1 4.2 X10 rr~ 

a -VM=2.9A. 0) 

Since and C73 are in parallel. 

/. The potential difference remains the same between C 
and D, and between A and B . 
a (/-/ 1 )(4 + 6) = A x 5 on solving using^ from (i) 
we get (7-2.9)10 = 2.9x5 
A 7-2.9= 1.45 


a 7= 4.35. Heat released/sec in 4 Q. will be (4.35 - 2.9) 2 
x4 = 8.4 J/s = 2 cal/s 


5. c. 



30 + 60 


7 


—-0.1 A 
20 


90 

30x60 


J^=20a V=1R 



Fig. A2.221 


6 . 


7. 


d. Copper is a metal, whereas Germanium is a semiconductor, 
b. For max. power 



2 R 


Balanced 
Wheatstone’s - 
bridge 


/—W\A-VWV^ 

r\ 2R 4R )n 

MAM-;—Wv^ 7 


£' 4C1 


3R 




Fig. A2.222 


External resistance = Internal resistance a 2R = 4, R = 2. 

8. d. When a steady current flows in a metallic conductor of 

non-uniform cross section, then drift speed V d = — — and 

n s A 

Electric field E = —- => y d « — and => Only 

<JA A A 

current remains is constant. 

9. A2. For the capacitor to get charged up to 0.75 V, the charge 
on the plates should be 

R~\0 s Cl C- 

—AM/W——11- 

l- : - 

£= 1.5 V 


Fig. A2.223 

q = CE{ \-e- dRC ] 

0.75x 10~ 5 = 10~ 5 x 1.5 [1-g ~ f . 

10 5 xl(T 5 


Taking log on both side, we get -t = -ln2 r = 0.693 s. 

10. a. Since opening or closing the switch does not affect the 
current through G , it means that in both the cases there is no 
current passing through S. This means that potential at A is 
equal to potential at B and it is the case of balanced 
Wheatstone’s bridge. 


A 



Fig. A2.224 

Ip = Iq " h = Ig anc * (a) is the correct option. 


(Contd.) 
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11. c. Method I: In this there will be no current flowing in branch 
BE in steady condition. Let / be the current flowing in the 
loop ABCDEFA. Applying .Kirchhoff’s law in the loop 
moving in anticlockwise direction starting from C + 2 V 
-I{2R)-1(R)-V=0^>V ~ 3/f? /= VI3R (1) 

Applying KirchhofPs law in the circuit ABEFA we get on 
moving in anticlockwise direction starting from B 


B 


-VWW 


2 V 

-Hh 


—wwv— 

2 R 

Fig. A2>225 


+ -IR - V- 0 where F Mp is the potential difference 

across capacitor 


cap 

Method II: 




A 

0 •- 


R 

-AAAV 




4 


2 V 

-Hh 


-+ —vwv- 

D 2 R 


Fig. A2.226 

Let us consider A to be at OV. Then points B , C and £> will be 
at V t V and 2V, respectively. Let the current be flowing in 
clockwise direction. Applying KirchhofFs law in the outer 
loop, we get V-IR -J(2R) - 2' V = 0 /. I = - VJ3 R> The minus 
sign here indicates that the current is in the opposite 
direction to what we have assumed. Applying KirchhofTs 
law from A to E via B we get V A + V + IR = V E 


0 + V + — xR = V f i 
3 R E 


4 V 

= Again applying KirchhofFs 


law from A to E via C, we get V A + V + F cap = V t 
■ V JL 

12. b. Let be the resistance of rod 

(3K 2 ) 

Energy released in t second =-- x t 

R 

K), 


Q = - 


■xt 


(?V 2 ) 

B^Q-mcLTmcLT =-- 

R 


xt 


(i) 



^ v v~ 
Fig.A2.227 

Let 7? 'be the resistance of rod 

H-2 1 -H 


Hi-|i |t- 

y y y 


Fig. A2.228 


R'=2R 


(.•. Length is twice) 


Energy released in l seconds = 


(NV 2 ) 

IR 


xt 


(n 2 v 2 ) 

0‘= - - 

* IR 

Applying Q' = m'cET 

(n 2 v 2 ) 

r— V_ L 


'bncLT- 


2 R 


x/ 


x/ 


(iQ 


Dividing (ii) by (i), we get 


me AT 9 V 2 x t/R 


ImcAT N 2 V 2 t/2R 


1 9x2 _ f2 1A _ ^ 

>\ - = —=- => N =18x2 /. N-6. 


N* 

13. c. Since current / is independent of R& it follows that the 

resistances R h R 2i R 2 and must form a balanced 

Wheatstone's bridge. 

14. a. The circuit is symmetrical about the axis PQ. Therefore, 
the equivalent circuit is 

1 


R 


PQ 


&PQ~ 


j_ j_ _L = J_ 1 R + r 

4* + 47? + 2r ~2R + 2r 2Rr 
2Rr 


R + r 


2 R 

rAA/W 



2 R 

(A/WV- 


p -VWH;—VWv- Q 


2 R 

-AAAVi 


AWV- 
2 R 

L-A/WV- 


-WW- Q 

2 R 

AWr 1 


Fig. A2.229 
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15. d. We know that 


R = — 
P 


V 2 V 2 

»\ R i = - R 2 —■— ~ R 

1 100 2 60 3 


m=^ = - 


v 2 r, 


Ry (^|+^ 2 ) 


,W 2 = ^-,fV } = — 


R 


WyW^.WyY,— 


v 2 r , 


v 2 r< 


= 60: 


Ri (R l+ R 2 ) 2 '( Ry+R 2 ) 2 
(250) 2 K 2 /60 (250) 2 K 2 /100 


V 1 | V 
100 60 


kL + k !" 

100 60 , 


=64:25:15 

Hence W 2 >W 2 > W l 


rMAAAr 


*2 

-AMA*—i 


r _ ™, 


Ri 

-A/WV 


Vl 

2 


l- 


V) 

w (205) 1 

' Ry R, 


250 V 

Fig. A2.230 

16. a. In Ohm’s law, we check V - IR where I is the current 
flowing through a resistor and V is the potential difference 
across that resistor. Only option (A) fits the above criteria. 
Remember that ammeter is connected in series with 
resistance and voltmeter in parallel with the resistance. 



doubled, then the resistance of AC will change and also the 

Ry 

resistance of CB will change. But since — does not 

R 2 

r 2 

change, so — should also not change at null point. 


Therefore, the point C does not change. 

—M h 


4—\AAMr- 


Ri 

-WM—♦ 


R 2 c r a 
Fig. A2.232 




A R a A , 


Ratio does, not change. 


IS. a. 


(I)— > VWVV——VvVVV— 


1 

— /A 


3 R 


P t = r(3R) 


R 


R 

■A/Wv— 


-AAAAr 

R 


-* —V\AA— 
i iRn 


-'if) 


(in) 


-Am* - 

R 


-m- 

R 


Rf 3 


Pm 

(IV) 




—WA— 
R 


r iv 


■'(?) 


pww 

R 


Fig. A2.233 


1R/2 


III<II<IV<L 

19. b. Total external resistance will be the total resistance of 
whole length of the box. It should be connected between A 
andZX 

20. c. For various combinations, equivalent resistance is 
maximum between P and Q . 

21. b. The current in RC circuit is given by / = / 0 e H/ * c 


In / = In /a -or In/ 

0 RC 



























































Appendix A 2: Miscellaneous Assignments and Archives 


on Chapters 5-1Q A2.53 



On comparing with y -mx+C 
Intercept = In 

When R is changed to 2 R> then slope decreases in magni¬ 
tude. New graph is 2- 

22. a. The current in 2 Q resistor will be zero^cause it is not a 
part of any closed loop. 





Flg.A2.234 

23. a. Let at any instant of time t during charging process, the 

transient current in the circuit be/. / = — e~ tiRC Potential 

R 


difference across resistor R is 
Potential diff. across 


^R = v, e -‘ RC 


C = V a -V a e- URC = V a (}-e- ,IRC ) 

=> \-e~" RC =le~' ,RC => ) = 4e~' /RC Taking log on both 
sides, we get log,, l = 2 log, 2 + 

=> 0 = 2X2.303log| 0 2 —~ 

RC 

=*/ = (2x2.303)og 10 2]x2.5xl0 6 x4xl0 = 13.86s. 

24. a. I g G = {1-I g )S, Here, I g =100x10^ A 
G= 100 G,S=0.1 Cl 




-vww- 

s 

Fig. A2.235 

.v/ = I g ^ +lj = 100 x 10" 6 |^y + ij = 100.1 mA 

25. b. The heat supplied under these conditions is the change in 
internal energy Q = A U. The heat supplied 

Q=i 2 Ri = lx 1 x 100 x 5 x 60 = 30,000 J = 30 kJ 

26. bi We know that time constant of an RC circuit is RC. Find 
equivalent resistance and capacitance in each case and then 
determine the time constant. 



in 

Fig. A2.236 

/ 

* Vab ImZm ' V * 4 r*] , 1 

Kec hc^BC &BC n - l - 4 

p n*r , i 

[since I AB - l BO wire is of same material] 
Therefore, option (a) is wrong. 

/ J 

^ _ 2[^r x 4 y 2 ] __ 

?ab h Kid p /_ 4 

V], 

= 4 P BC . Therefore (b) is correct, 

l 

c. = - , Therefore (c) is incorrect, 

Jbc _ i _ 4 

n xr 2 



i/2 

Vbc 

1/2 


= -, Therefore (d) is incorrect. 


28. a. Given X is greater than 2 G when the bridge is balanced 




Fig. A2.237 


R X 
I ~ 100 -/ 


200-2/=/* 


100 R-RI-IX 
200 


/ = ■ 


X + 2 

When the resistance are interchanged the jockey shiA 
X 2 


20 cm, therefore 


/ + 20 80-/ 


80* = t^t + 40 


(x+2) 


240 

* = —= 3G 
80 


29. c. When steady state is reached, the current 7 from the 
battery is 
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9 = 7(3+ 6)=*/=/A 

3 JiF 6pF 


— t- —1 

— — i 

-Cl 

,+& -Qi 

30 , 

, 6n 

L— vWwVv —— 



9 V 

I 

Fig. A2.238 

=> ' Potential difference across 3 £2 resistance - 3 V 
and potential difference across 6 £2 resistance = 6 V 
=> p.d. across 3 |iF capacitor - 3 V 
and p.d. across 6 \iF capacitor = 6 V 
Charge on 3 pF capacitor 
Qj = 3x3 = 9pC. 

Charge on 6 pF capacitor 
Q 2 = 6x6 = 36 [iC 

=> Charge {-Q\) is shifted from the positive plate of 6 |iF 
capacitor. The remaining charge on the positive plate of 
6 |XF capacitor is shifted through the switch. 

Charge passing through the switch 
= 36-9 = 27fiC 
/ 2g b x £ o 

30. a. Co = ^3-Kf 7d_l%±Vi 




2a, 


5d+3V( 


an-vt un+vi 

Now r=c <x .R= 6£ ° R 
* 5d + Wt 

31. c. Here,= 1 ft, R 2 = 1/212, R 2 = 3 £2 

V 2 

As P =—, SO P 2 >P\> P 3 
R 

32. d. Unknown resistance i$ directly proportional to standard 
resistance. On increasing the temperature, the value of 
unknown resistance will increase, hence standard resistance 
is also to be increased. 

Multiple Correct Answers Type 

1. b M d. During the decay ofeharge in^Ccircuit 1 -I 0 e~ i/RC 

where I 0 = — 

0 RC 

Whenr = 0 J 7 = 7 o =|^ 



Since potential difference between the plates is initially the 
same, therefore I is same in both the cases at / = 0 and is 

equal to I = = Also ? = %e~" RC 


When q 0 =^- then ^ = q^ t,RC 

=#. e*' ,RC = 2 — = log,. 2 => l = RC log, 2 =» /«C 
RC 

Therefore, time taken for the first capacitor (1 pE) for 
discharging 50% of Initial charge will be less. 

2. c. Both are basic facts. 

3. d. The net resistance of the circuit is 9 £2 as shown in 
Fig. A2.240. 

30 2 o 2 o 



- WWv - 1 

-MAM- 

—MAAA— 

9 V ' 


hn l 

t so : 


-WM- — 

—wam- 

—wwv— 


AO 


20 


20 


20 


20 


20 


(Contd.) 


I=> 


9 V 



1-MMA- 

J 8 o < 

; so 1 

—MVv\- 

-WM- 



20 


20 





20 



9 V ~-Z~ 90 


Fig. A2.239 


Fig. A2.240 

V 9V 

The current flowing in the circuit is l - — = — = 1.0 A. 

R 9£2 

The flow of current in the circuit is as follows. Please note 
that the current divides into two equal parts if it passes 
through two equal resistances. 
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2 0 0.5 A 



30 


0.25 A 


] A 20 

- VAAA—i-WvW 

30 


9 V “ST 


;so 


-WVNAr- 

20 


rM/W^- 

r - *—AMA/V-- 



0.25 A' 

r 

T l 

j 8ft 3 

£80 1 

20 



-WA\- 

-W/A- 



20 





0.2SA 


-VvWv--WWv- 1 

2ft 2ti 


Fig. A2.241 


4. a», b., d. In case of metal, the current flowing will be very-very 
high. 

5. a^d. 

24-2x10 3 /-6x 10 } (/-/) = 0 
24 - 2x 10 3 /- 1.5x 10 3 j=0 


Hence /= 7.5 mA 
i= 6 mA 

24-6xl0 3 / / -2xl0 3 (/-/')“0 
24-6 x I0 3 7 / -1.5 x 10 3 ;' = 0 
/'= 3.5 mA 
f — 2mA 



Fig. A2.242 
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Appendix 3 


Solutions to 

Concept Application Exercises 


CHAPTER 1 


Exercise 1.1 
1. a. q = ne 




1 


= 6.25x10 


18 


e 1.6xl0“ 19 

b. Repulsion* As a charged body can attract uncharged body. 

c. No* as charge is quantized. 


, 1 Ml 

4ra 0 r 2 

F x 4 ^j- 2 

£o- 

9i?2 


= 2 ][L 2 ] = ^2-4 

[/(V] 

3. By induction. 

4. a* Yes. Two bodies are placed close to each other where one 

has much more charge than the other. Then due to 
induction* force of attraction becomes more than force of 
repulsion* 

b. Yes* due to induction effect. 

c. Yes* mass of negatively charged sphere will be more. 

5. a. Since the particle has positive charge so it has deficiency 

of electrons. So it has less number of electrons compared 
to the neutral state* 
b. q = ne 

10" l2 = «x 1.6 x lO" 19 
n = 6.25 x 10 6 

6. a. q = ne 

3.2 X 10 -8 = « x 1.6 x 10 _19 
« = 2 x 10" 

b. Charge on fur should be equal and opposite to that on 
ebonite, i.e.* + 3.2 x 1CT 8 C. 

7. Protons cannot be transferred* as they reside in nucleus. To 
remove protons* a great amount of energy is required. 

8. When the paper comes in contact with the rod* the paper also 
get similarly charged* Hence* repulsion takes place. 


9. Conductor will not get completely discharged* because the 
person is standing on the insulating stool. Some charge of the 
rod may transfer to the person to make the potential of the 
both same. 

10 . 



Fig. A3-1.1 

Velocity increases due to induced charges on the neck. 

11. There should be other charged particles to feel the effect of a 
charge particle, otherwise the concept of electric charge 
would be meaningless. 

Exercise 1.2 

1. a. i. There is always a restoring force towards its original 
position.The particle (negative charge) will perform 
oscillation. (The case of stable equilibrium.) 



Fig. A3-1.2 

ii. Fj will be more than F\ . The negative charge will 
experience net force towards charge (1). The negative 
charge is under stable equilibrium* 

© £ © 
@.— 3—0 - 0 - 0 

Fig. A3-1.3 

b. No 

2* a. No. A charged particle cannot apply force on itself 
b. Net field is 2£cos 0 which is parallel to the line joining 
the charges. 
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Fig. A3-1.4 

3. For no position of the positive charge the system will be in 
equilibrium. (However, only V can be in equilibrium if it is 
placed at the middle of the negative charges.) 

4. 


(a) 


© 


F 2 


Fi 


© 

©- 


© 

© 


(b) 


P 


© 

1 





(<0 



F 2 


P 

O 


Fig. A3-1.S 

a. It is clear from the diagram 
■F„<F c <F b 


b. Since F,>F 2 ; tan0= 

F 2 



F, 

Fig. A3-1.6 


5. a. Right, because third particle should be placed near the 

charge smaller in magnitude, and not between the 
charges. 

b. The third particle should be negatively charged, only then 
net force on any charge due to other two charges can be zero. 

c. Equilibrium is unstable, because if we displace any of the 
charged particles from its equilibrium position, it may not 
return to its initial position for all directions of displacement. 

6. Magnitude offeree on-? at centre 

F„ = JPPP = Sf= Sy.- 2 -^- 

4 Tie r 


F = 


\j2ne 0 r 2 


The direction is at angle 45° from x-axis in IV-quadrant. 




a. It is clear from the diagrams that the forces F(F^ or F 2 ) in 
case (i) and (ii), (iii) and (iv) will be same. 

b. less than 2F 0 

c« cancel in situation (i) and (ii) and add in situation (iii) and (iv) 

d. Add in situation (i) and (ii) and cancel in situation (iii) and (iv), 

c. Obviously, the direction of net force will be that of adding 
components. 

f. I. + y ii. - y Hi. + x iv. - x 

8. When charges are brought in the medium, force between 
them will decrease by a factor of K f where K is known as 
dielectric constant of that medium. Hence, 

F^_ = _1_^ J_ 

F Dielectric constant 81 

9. Because of the free fall, there will be weightlessness in the 
elevator. The balls will go maximum away from each other 
and finally angle between them will be 180°. 

1fl0 a 

T T _ 

p -O —-•—* -<-O-►p 

q L L Q 


Fig. A3-1.8 

Repulsion force F between them will be balanced by tension 
T.S 0 
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T = F= — --— 7 - = 1 

■ 4 JT £ 0 ( 2 L) 

10. a. Since the size of group is small, so the group of n small 
charged particles must behave as single point charge, so 
that it can have a separation of 10 cm from the particle in 
question. Obviously, force on this particle due to the 
group of n particles is n times the force due to a single 
particle. Hence, force due to group of n particles, F 
= »x 3x 10 ' l# N 
b. Here, Z 7 = 6 x 10** N 

F 6x10'* 

3x1 O ' 10 3x10'*° 

Exercise 1.3 

1. The angular momentum of q will be constant, as no external 
torque is acting on q. 

2, a, Top (+); middle (-) bottom (+) 

Electric field lines are away from the positive charge and 
towards the negative charge. 



b< We can get two neutral points, left and right side of 
middle charge, Lc. ( electric field will be zero at these 
locations. It Is clear from the diagram that the electric 
field may be zero at left and right of charge 2 . 



For its location. 


1 Q = 1 4 Q 

4 ne 0 x 2 4ne 0 (t-x) 2 



=>x- 


£ 

3 



Hence, neutral point will be at 4 cm from charge Q. 

4. No/in given hypothetical field lines electric field is strong at 
bottom and weak at top. If we move in a close path some 


work will be done, but in an electric field no work is done in 
close path. 


Fig* A3-L10 

5, a. Tangents at points A and B. 

b. At A , as intensity of electric field is more at A , 

6 . a. No force will be experienced by the charge at the centre 

as it is electrostatically shielded. 



b. There will not be any field at oentre due to the charges Q 
and q. The charge induced at the surface of spherical shell 
due to q will produce the field towards right. This field 
will be responsible for producing force at centro towards 
right. 

7. a* Yes. 

b. Towards. 

c. No. 

di Cancel. 

e. Add. 

f. Yes. 

g. Negative^. 

8 . Make use of symmetry property. 
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(e) 

Fig. A3-1.12 


It is clear from diagrams above that order of fields will be 
(greatest first): (e), (b), (a,c), (d) [2 E, llE , E and zero respectively] 

9. It is clear from diagram the components perpendicular to 
normal to plate will cancel and along the normal dE cos 6 adds. 
As the distance decreases dE increases but cos 0 also decreases 
in such a way dE cos 0 remains constant for all positions. 



It can be observed that near an infinite sheet electric field is 

constant everywhere. 

10. (1) and (2) are negative while (3) is positive. 

Acceleration of each particle, 

qE 
a = -— 
m 

Deflection suffered by a particle, 

1 2 1 qE y q 

y = ut+-at =Q + - — t => y<* — 

2 2 m m 

Hence, (3) will have highest qlm ratio. 

11. a. Along C. 

b. Path D. As jc starts moving the magnitude of electric field 
due to charge on y decreases while the magnitude of 
electric field due to charge on z increases. The resultant 
electric field changes the direction as shown in the figure. 
Hence, wc can say the charge particle follows path D. 



12. Here we have assumed that the particle has started from the 
positive side of x axis. 



Fig. A3-1.15 


Acceleration at infinity will be zero. When the particle comes 
towards origin, first its acceleration will increase, becomes 
maximum and again becomes zero at origin and similarly on 
the negative side of*-axis. 

13. b. Magnitude of electric field will remain same but direction 

will be opposite. 

14. Wc have to find intensity at P. 


_ kQ all ... a 

E = —^ , -= cos 30 =}x~ —z= 

a* x sj2 



Net intensity at P : 



E 0 .3Eccse.^fJI 

_ 3 Q s/2 _ JlQ 

4 ne 0 a 2 S 2y[l ne (> a 2 

15. Let electric field at point P is zero, then 

+5 x 10 -19 C +20x10r'®c 


Fig. A3-1.17 
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1 5X10 


-19 


1 20X10 


-19 


4 ne n 


4 ne a ( 2-X ) 2 


or 


2-X 0 „ 2 

- =2 or X— — m 

X 3 


16, The acceleration experienced by a charged particle under the 
action of an electric field E is 

eE 


If it falls through a distance h y starting from rest, 


From equation (i) the time of fall will be 

/ctcctron - I— - Now since m > m e , so / > l c > he., time of 

^proton \ m p 

fail through the same distance is greater for a heavier particle 
(he., proton), which is in contrast with the situation of free 
fall under gravity where the time of fall is independent of 
mass of the body 

17. a. The force F experienced by the electron towards the 
positive plate is given by 

F=qE^ 1.6 X 10‘ ,9 X (45/16) X 10 J 
= 4.5 x 10 -16 N 


j- (/■-*) 


r 

x ~2 


Q 


h 


then 

h = 

V 

2 



(as u — 0) 


or 

A 

2h _ 

2 h 

2 mh 


20. 

l = 

a 

eEim 

eE 



or 

t** 

'fm 



(i) 

21. 


Fig. A3-1.18 

Since Q is also in equilibrium with Q and q 


/- QQ _ k Q± 

;- 2 k x 2 


The sign of q should be opposite to that of Q. 

Becomes zero, thin metal plate will provide the shielding 
between the charges due to which electric field of one charge 
will not be able to reach the other charge. 

i. Both the charges cannot be of same sign. 

ii. The observation point (where electric field intensity is 
zero) has to be closer to the charge smaller in magnitude. 

22. a. L When we bring a charge q at the centre of sphere, 
charges - q and + q will be induced on inner surface and 
outer surface, respectively, as shown in Fig. A3-L 19(a). 

+ Q 





(a) (b) (c) 

Fig. A3-1.19 


Hence, the acceleration experienced by the electron is 
given by 


F 

a = — : 
m . 


4.5x 10 N 


= 5.0 x 10 14 m/s 2 


9.0x10 kg 

Now, the electron is released from the negative plate and 
is travelling towards the positive plate. Hence we have ' 
u= 0, x-0.10 m and a = 5.0 x I0 l4 m/s 2 

According to equation x- ut + ^ at 2 , 


r= = I 2X0,1 ,° 4 = 2xl0~* s 
V a V 5.0x10 4 


18. 


b. v - u - at = 0 + 5.0 x 10 14 x 2.0 x 10 8 = 10 7 m/s 
a. As q = ?ie 3 hence number of electrons transferred are 

q 3.2x 10~ 7 C 


= 2x10 


,12 


c 1.6xl(T 19 C 
The electrons are transferred from wool to polythene, 
b. Since the electrons are transferred from wool to polythene 
and electrons have mass, obviously mass is transferred 
from wool to polythene. But since the mass of an electron 
is negligibly small, transferred mass will also be 
negligibly small. 

19. Since q is in equilibrium with Q and Q y 


ii. After earthing, +# will be transferred to earth as 
shown in Fig. A3-1.19(b). 

iii. After removing the earthing, ~q will be distributed 
uniformly on the external surface of the sphere as 
shown in Fig. A3- 1.19(c). So finally the sphere will 
have charge -q distributed uniformly on the external 
surface. 

b. The intensity of the electric field inside the sphere will be 
zero. An electric field similar to the field of the point 
charge q situated at the centre of the sphere will be set up 
outside the sphere. Direction of the field will be radially 
inward. 

23. Electric field at the centre of the full ring will be zero, 
because field at center due to some dement will be cancelled 
by the opposite element of same length. 

But in half ring there will be a net field at the centre of the 
ring. 

24. £ = /7<7 = 3.2x lO^/l.fix 10^° = 2 x 10 6 N/C 

25. Here, q - ±8x 10“°C = ±8x10 °C; 2a — 4 cm - 0.04 m 

x- 4a/3Ntti and $= 60° 

a. Now,/? = q(2<i) f8x 10“ 9 x 0.04 = 3.2 x 10 -10 Cm 
Torque on the electric dipole, t=pE sin# 

_ T 4 1/3 

or F = -;—- =-—- 

p sm 6 3,2x 10" 0 x sin60° 
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b. 


= -— x2 r = 2.5 xlO 10 

3.2xKT ,# x v3 

Potential energy of the electric dipole, 


nct' 


U= -pEoosO 

= -3.2 x 10 -10 x 2,5 xlO l0 x cos 60P 


* -3.2x2.5x0.5 = -4J 


26. Here, E = 10 5 NC -1 ; q = 1 mC = \0^ C 
2a “ 2 cm = 0,02 m 
p = q(2a) = 10 -6 X 0.02 = 2 x 10" 8 Cm 

a. The torque acting on a dipole is given by 

t= /?fssin0 

Torque is maximum when sin 0= 1 

T m#x = 2xl0" 8 xl0 5 xl = 0.002 Nm 

b. Now, work done in rotating the dipole from 9= 6 i to 

9 = is given by 

W~ pE (Cos 0, - cos 0 2 ) 

Here, 0, = 0°, 0 2 = 180° 

W= 2 x 10 -8 x io 5 (cos 0°-cos 180°) 

= 0.002(1 -(-!)) = 0.004 J 

Exercise 1.4 

1. a. False- Net force will be zero because equal and opposite 
forces will act on positive and negative charges. Torque 
= pE sin 0, 

. b. True. In non-uniform electric field forces on both charges 
may not be equal and opposite. 
c« True, In a non-uniform electric field, a dipole can 
experience a force as well as a torque. 


2, £*^r,SOrt=-3, 

r 

3. As p is directed from negative charge to the positive charge, 
so angle made by E with p is 0 + a, 


n kp 9X!0’xlxi0~ 6 xi00xi0' 10 

4. E = =- z - 

r J (0.1) 3 


= 0.09 N/C 


5. Maximum torque =pE- 1.2 x 10 -2 Nm 
6< p = qd 

P* ot «Ip cos 30° 



- 2 qd - %/3 qd 


7. a-90- 6 


We know that tan a = 


tan0 



tan(9O-0) ==* tan0 = V2 

d* 

=* 0= tan -, (>/2) 


8 , Net flux though .yz plane is 



± 
£ o ' 



yz piano 

-<7 

7 

-d/2 

d/2 


Fig. A3-1.22 

So flux depends upon q but is independent of d. 

9. Suppose that the dipole axis makes an angle 0 with the 
electric field at an instant. The magnitude of the torque on it 
is T =pE sin 0. This torque will tend to rotate the dipole back 
towards the electric field. Also, for small angular displacement 
sin 0™ 0 so that 

x— ~qiE9 

Negative sign is because torque applied by field will be 
opposite to angular displacement 0. 

The moment of inertia of the system about the axis of rotation Is 



Thus, the angular acceleration is 


a = 


1 = -Mg = -w 2 e 

I mi 


Fig. A3-1.20 
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i 

where w - — 

mt 

Thus, the motion is angular simple harmpnic and the time 
period is 

T= lit 


10. jt| = 2m,xj = 4m 

t =la; a= -~6 

T . 2 ±MI 

\p£ y 8xl0 4 x2xl0“ < x6 




Fig. A3-1.23 


In 16x6xl0 -i 

0 ) = - = - 

T V 24 


11 . x components will be cancelled. 

Fy 



Fig. A3-1.24 


0.2 rad/s 


y components will be added, giving net force along U. 


CHAPTER 2 

Exercise 2,1 

1. As 9= 120°, hence charge enclosed = Qt 3. 



% 

2. As the rod enters the box the charge increases; hence flux 
increases linearly. When rod enters the cube completely, the 
charge within the cube becomes constant for some time and 
hence the flux also becomes constant. 

When the rod starts moving out of the cube, the charge inside 
the cube starts decreasing and hence the flux will also start 
decreasing linearly. Hence, graph d is the correct graph. 

3. a. Number of field lines coming to the curved surface is 

equal to the field lines moving away from the surface. 
Hence the flux linked with curved surface is zero. 

b. Flux passing through the plane surface = the flux passing 
through the curved surface. 

<t>= EkR 2 

(positive as field lines are away from the surface) 

c. <P - ElnR 1 

4. Zero* No, as the charge resides on the outer surface of a 
conductor. 

5. The charge induced on left side is positive. 


+ * - 



Hence, charge oncloscd by Gaussian surface is positive. Thus 
the sign of the flux is ^ve*. 

6 « If the charge is placed at A or £), any electric field line crosses 
the curved surface twice. 


C B 


4 ♦ 



Hence, the flux passing through the curved surface should be 
unchanged. If the charge is placed at B t some of the electric 
field lines may cut the surface once thereby chaining the fiux 
through the surface. 


B 
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7. If we close the charge by an imaginary cube the flux passing 
through ihe surface 



Fig. A3-2.5 


a. and b. Since the point charge Q is located just above the 
centre of the flat face then almost half the lines emitting 
from Q will pass through the flat surface. Any line passing 
through the flat surface will also pass through the curved 


c. 


surface below it. Hence the required flux is 0“ 

If the charge is placed exactly at the centre, the any line 
emitting from the charge will be parallel to the flat surface. 
Hence, no flux through the flat surface. But the flux through 


the curved surface will remain same as 


JL 

2£q 


8 . Effective area of the cone through which flux passes is 



Fig. A3-2.6 


Flux 

9. E = ai +bj 
* 

a. A = Ai 

b. A - Aj 


A= = Rh 

EA = ERh 


fj>= E- A - Aa 
>0 = EA - Ab 


c. A — Ak => 0 — E- A — 0 

10. a. Any line emitting from charge q to the right of line AB 
will pass through (he infinite plane. It means half flux will 
pass through the plane. So flux passing through the plane 
9 


is 


l£ 



j Infinite plane 


b. q is above the centre at a small distance. So this becomes 
similar to the case (a). 



Fig. A3-2.8 

11. Effective area - A - nr 1 

0 - E q A = E Q Ttr 2 

12 . a. Since Q\ is inside the surface, so flux due to Q { is 0 ( /e o . 
b. Since Q 2 is outside, so there is no contribution to the flux 

due to Q v 

13. Let Coulomb's law involves . Now, let us find flux due to 

r 

a point charge. 



r 


It means flux depends upon r, which is not true. So Gauss's 
law will not be true. Because in Gauss’s law, flux through a 
closed surface depends upon the charge present inside and 
not on the shape or size of the Gaussian surface. 

Exercise 2.2 


1. Flux through close surface A 



Flux through close surface B t 




Flux through surface C, 


Qc = 


g-g 


= 0 and Q 0 = — *= 0 


2. a. <D S = (4.00 X 10 -9 C)/e 0 = 452 Nm 2 /C 


Fig. A3-2.7 
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b. = q 2 /e 0 = (-7.80X 10^ C)/e 0 = -881 Nm 2 /C 

c. = to, +q 2 )/c a = ((4.00-7,80)x 1 (T 9 C)/fi 0 
= —429 Nm 2 /c 

d. <t> Si =( 9| + 92 )Ao =((4.00+2.40) X10-* C)/i' 0 

= 723 Nm 2 /c 

^ = to, +<7 3 ) = (4.00-7.80+ 2.40)xiO^ 9 C 
55 £ 0 
= -158 Nm 2 /C 

All that matters for Gauss’s law is the total amount of 
charge enclosed by the surface, not its distribution within 
the surface. 

3. We know that charge on facing surface is equal and opposite. 

+Q 



Fig. A3-2.10 

a. Net charge on inner surface is -Q. 

b. Net charge on the inner surface will remain -Q. 

c. Net charge on inner surface is ~(Q + q) 

d. Yes, as location of charge does not matter. 

(Q + q) 



Fig. A3-2.ll 

4. The distribution of charge is as shown in Fig. A3-2.12. 



a. Net charge enclosed by Gaussian surface (r > c ) is 
3Q-3Q + 2Q = 2Q. 

b. For r > c> the direction of electric field is radially outward 
as shown in points. 


C .E=^ 


_J_2 Q 

4 ne 0 r 2 


d. For c < r < A, we have point B, If we draw a Gaussian 
surface through B y net charge enclosed in it will be zero. 
So electric field at B will be zero. 

e. As explained above, net charge enclosed is zero. 

f. For b > r > a, we have point D. If we draw a Gaussian 
surface through D, it will have net charge enclosed 3 Q. 



1 3 Q 

4tz£q !■ 2 


h. p = ^ (volume charge density) 

4 i 
-Ita 

. . ........ 4 3 3 Q? 

So, charge within radius r (< a) is q = p — n r = —-— 

3 cr 


i .u-ii- 


i 3 gy_ 

4jre 0 a 1 r 2 


j. As shown in figure, the charge on the inner surface of J 
shell is-3Q. 

k. As shown in figure, the charge on outer surface of shell is 
+ 2 Q. 

l . 



5. 


Fig. A3-2.13 



a. L For r > b y electric field is zero, because there is no 
charge inside. 
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li. For Or>b> electric field will be similar to that as if 
a point charge 2 q is placed at the centre, 
ill. For d> r > c, electric field will be zero, as there is no 
charge inside. 

tv. For r > d, electric field will be similar to that as if a 
point charge 6q is placed at the centre. 

The resulting plot is as shown in Fig. A3-2.15 

El 



a b c d 


Fig. A3-2.15 

b. I. 0 

ii. 0 

ill. —-— r , radially outward 
2 *£ 0 r 2 

iv. 0 


v. — ^ , radially outward 

2 r 2 

c. 1.0 

il. + lq 

HI. - 2 q 

lv. + 6q 

6 . a. False. Electric field is due to all charges present inside or 

outside. 

b. False. Gauss's law is applicable for any distribution of 

charge. But it is more useful when the charge is 
distributed symmetrically. ——' 

c. True. Net flux is due to the charges inside only. 

7. a. True. If E is zero at each point, then net flux will be zero. 

b. True. If net flux is zero, then net charge enclosed will be 
zero. 

c. False. Charge may reside on the outer surface. 

8 * a. Yes, as there is no charge for r < R v 


b. Volume charge density p = 



Charge within radius ris q= p - n(r l -Ry) 





c. For f > R 2 


9. 0 = EA\ 


kg = _ Q 

r 2 <te£ 0 r 2 |_£j 3 ~R\ _ 


r'-Rl 


E= \ Q 

r 2 


<p - E 


nd 2 


. => E= 

nd 2 

10. a. E ™ 0, electric field will be cancelled due to both, 


11 . 


b. — to the right, field of both will be added, 
e o 

c. E = 0, electric field will be cancelled due to both, 
a. According to Gauss’ law, 



(6 + 2Q) 

£o 


ft _ g/gp _ 1 
ft 30/eo 3 

b. If sphere £, is filled with a medium of dielectric constant 
K = 5, then again according to Gauss’s law, 


= A . e. 

e Ke, 5 5^, 

12. The flux passing through curved surface 

= the flux passing through the frame 
= E2R l 

13. a. The charge on the inner sphere induces equal magnitude 

of charge, but opposite in sign, on the inner surface of the 
outer sphere. Sum of all the induced charges is always 
zero. Therefore, an equal amount of charge must appear 
on the outer surface. Thus outer and inner surface of the 
outer sphere have charges -5Q and -2 Q y respectively. 



Fig. A3-2.17 

b. When outer and inner spheres are connected by a wire, 
the entire charge is transferred to the outer surface from 
the inner sphere. In electrostatic equilibrium charge does 
not reside inside a conductor. Total charge on the outer 
surface of the outer sphere is -52- 
Total charge on the inner surface is 0. The electric field at 
the surface of the inside sphere goes to zero after 
connection. Consider a Gaussian surface just on the 
surface of the inner sphere* 

ft = E(4rn 2 ) = = 0, as Enclosed = 0 

£ 0 

Thus, we have E- 0 


Fig. A3-2.16 
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c. When the outer sphere is grounded the charge on the 
surface is transferred to ground, thus charge is reduced to 
zero. The final charge distribution i$ shown in Fig. A3-2.18. 

+20- 7Q = - 50 



Fig. A3-2.18 


CHAPTER 3 

Exercise 3.1 

1. True, because induced charges cancel the external electric 
field. 

2. Electric field intensity E in that region should be zero, if 
potential is constant in a given region. This we can check by 
putting a charged particle in that region. If it experiences no 
force, E should be zero. 

3. Yes, a- Potential will increase by 100 V. b. No effect on potential 
difference. 

4. We know E in certain region, then we can find potential 
difference between any two points in that region. To find 
potential at one point, we should know the potential at some 
other points. 

5. Yes, if shape and size of the conductors are different. 

Exercise 3.2 

1. It will loose the energy of eV~ 1.6 x 1(T 19 x9 = 14.4 x 10~ l9 J 

2. eF=4.3 x KT 15 => 1.6x 10"' 9 V=4.3 x 10" 15 => V=26875 V 

kO 

3. V= —, for same distance r from a point potential is same. 

q 

This is possible only for a spherical surface. So shape of 
equipotential surface should be spherical. 

4. a. Points B and C lie in equipotential surface. 

Change in potential while moving from B to C along 
circumference will be zero. 
b.As(F 4 -^) = |(F c -F,)| 

{Vb~ Ya) < 0 2nd {V A - V c ) >0 
W^DU-q^-V,) 

The work done from B -» A is positive. The work done from 
A —» Cis negative. 

WbA-WacI 

Same amount of work will be done. 

5. Electric field is a conservative field and in any conservative 
field work done in a close path must be zero. 

W )2 = -W 3A ^> Wu = W 2 , = 0 => ^+^ + *^4+^,=0 


6. Let us consider the work done in a closed path A B C-» D 
E { ■ RB 

Path C->D 1 W cd = -E 2 - r'B 

w DA = w ac = t> => w AB + w co -o => EyRe-Et/e-o 

E } r> _ r 1 

E 2 R r 

7 * v r v > = - i! ~ EM 

In a closed path, V f - Hence, EM in a close path will 
be zero. 

Exercise 3,3 

1- For 2 and 4 l r = pE sin0, U--pE cos 6 
For l and 3, T=/>£sin(l80- 8) =pE sin# 

V- -pE cos(180- 6) =pEtos$ 

Hence torque is same for all and U is greater for 1 and 3 from 
2 and 4. 

2. a- Electric field will do positive work, if dipole rotates such 

that its angle decreases with 
b. 2 and 4 orientations are identical. 

3. a. U = -pE cos Q = pE cos(l80 - 6) 

More is U> more is B 

b. If angle between p and E is more closer to 90°, then more 
is torque. If angle is closer to 0° or 180°, then torque is 
less. It means lesser is the magnitude of potential energy 
more is torque and vice-versa. 

4. a. Asp- 2/x q 

I - p 6.2 x KT 30 
2q~ 2 q 

b. -p = 6.2 x 1(T 30 x 1.5 x 10 4 = 9.3 x KT 26 Nm 

c. W= 2 pE = 2 x 9.3 x KT 26 = 1.86 x KT 2J J 

5. Force on any q by dipole: F - qE dipo , c 

= ——downward 
4 re*, cr 

So from third law, force on dipole due to both charges 

= 2 F = —2E__ upward 
2 ne^a 

6. i. True li. True 


kpoose 

r 2 

For A, 

For By 


e -, 35 ^ 













A3.12 Physics for UTOFE: Electricity and Magnetism 


CHAPTER 4 

Exercise 4.1 

t. 


ip- 1 ^—i 
® 

1 - 1 — 

Fig. A3-4.1 

Yes, total number of electrons from the plate attached to 
positive plate of the battery will be pumped to the other plate 
through the battery. 

2 . This energy is stored as electrostatic potential energy 
between the plates. 

3 . Electric field between the plates of a capacitor, 


5. After disconnection the charge on plates will be eV and -eV. 
Now, positive plate is given a charge Q , the charge 
distribution on different surface are shown in Fig. A3-4.3. 



Q/2 


CV -CV 

+Q/2 -Q/2 

Fig. A3-4.3 


Hence* new charge on capacitor is 


CK + - 


the potential 


difference between the plates will be 




When the capacitor is submerged in a tank of oil, 


Q 


~Q 


Fig. A3-4.2 

the electric field between the plales is 


E = 


a 

£ 


a 




Hence electric field decreases. 

The field can be measured by measuring potential difference 
between the plates (V) and then it can be calculated using 



4. a. U= Q 1 /2C 



6 . a. The charge from one plate gets transferred to another 

plate through the battery. The battery pumps the charge 
from one plate to another, 
b. Yes. 

7. On connecting with earth, the charge on central plate will 
shift to its right face. -Q change will be induced on the left 
face of the earthed plate. Thus +Q charge will flow to the 
earth. 

8 . q = CV , C decreases in both cases. 

i. In the first case ^remains same, hence q decreases due to 
which force of attraction will decrease. 
iL But in the second case q will remain same, hence force of 
attraction remain same. So more work will be done in the 
second case. 

9. No, because electric field is conservative, so net work done 
in a closed path should be zero. 

10. At point l distance between the plates is less, so attraction 
between the charges here can be more due to which 
concentration of charge at point 1 will be more. 

11. a. True 

b. True 

c. True 


fiuc =^2(25.0 J)(5.00 x 1 <T 5 F) =5.00x10'*' C 

The number of electrons N that must be removed from 
one plate and added to the other is 

N= 0/e = (5.00 x IOC)/(1.602x [0~ ,9 C) 
= 3.12 x 10 ,s electrons 

b. To double U while keeping Q constant, decrease C by a 
factor of 2, C = £ 0 /t/d/, halve the plate area or double the 
plate separation. 


Exerdse 4.2 

..AsC=^ 


, the capacity of a capacitor whose plates are 


connected together becomes infinite. 

Hence K *= oo 

Hence dielectric constant for metal is <*>. 

2 . a. Q=CY 0 

b. They must have equal potential difference, and their 
combined charge must add up to the original charge. 
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Therefore, 


v- 7 T= 7 T and also Q, +& = S = CF 0 

C l -CmdC 1 =f,,of.^ 

A-f 


fi*2 a 


0! = 3 e 


So 


^=2 


F= a = 2e = 2, 


Q? + Q*' 

■ i " 

U c,J 

“ 2 


3C 3 

(jg) 2 ( 2(+g) 2 
c c 


= !£ , l CK a 

3 C 3 0 


d. The original t/was 


0= jCF 0 2 


At/=fC^ 


e- Thermal energy of capacitor, wires, etc., and electromagnetic 
radiation. 


Up = 2 QcF 2 j = cr 2 or 

b. 0 = CF for a single capacitor with voltage V. 

Q s = 2(C[K/2])=CF; fi,= 2Q, 
g, - 2(CF) - 2CF; g, = 2g, 

c. £ = Vld. for a capacitor with voliage K 

£ p = 2£, 


5 V 

* - 

+q -q 

10V 

l 

+<7 -q 


11 

_ _11__ a 


1 

II 00 

C, = 1 >iF 


Ci = 2|iF 


Fig. A3-4.4 


Let the charge on the left plate of the capacitor is q , hence the 
charge on the right plate of the capacitor C 2 will be -q as 
charge supplied by the negative plate of the capacitor will be-^. 
Moving from point A in the section of circuit AB , 

Va~ f + K>-f = ^ **V A -V B = q + l~\Q 


3 . ^=^ = £21 
0 2C 2e 0 A 

b. Increase the separation by 


dx 


The change is then 


2« 0 ^ 
Q 1 


1£qA 


-dx 


c. The work done in increasing the separation is given by: 


dW= U~V 0 = ^- = Fdx 
# 2 e 0 A 


,F=- 


2Ee>A 


d. The reason for the difference is that E is the field due to 
both plates. The force is QE if £ is the field due to one 
plate is Q is the charge on the other plate. 

4. Let the applied voltage be V. Let each capacitor have 
capacitance C. 

U= ^rCV 2 
2 


for a single capacitor with voltage V. 
a. Series: 

Voltage across each capacitor is V!2. The total energy 
stored is 


U t = l[^C\Vliy^ = i cv 2 

Parallel: 

Voltage across each capacitor is V. The total energy stored 
is 


5= -9-10 ^f=10pC 

<5. The slab will undergo oscillatory motion. 

7* External agent will have to do negative work. 

8. a* 


ii—ii—ii- 

Series 

Fig. A3-4.5 



—11-II— 1 

Series and parallel common 
grouping 

Fig. A3-4.6 

9. In series, potentials of all capacitors will be added. 

10. Since charges on outer surfaces will be half of the total 

charge of all the three plates: so q x = q 6 = ^ = 30 pC 


ABC 



Fig. A3-4.7 
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—<? 2 > Qa ~ ~<3s 


y^B-Va, 


100 V 


=> 

il= 3l 

-M- 


C[ C 2 

<h d i = =*4i 2d 2 = e ls d 2 

6 nF 6 nF 

II * II 


II • II 

And 

03= 202 =>04 = 203 

03 + 04- 60 A ‘ 

D E 

—i— ii— i—J 


03 = 20 nC => 04 = 40 p.C 

1 uF 

And 

0 2 = -20 p.C => 0j = -40 |i.C 

Fig, A3-4.9 


H. a. q { = 80 pC, ?2 = 20 fiC 

= -20 pC, 04 = 80 p.C 
b. 0 , = 0 , 0 2 = -60 jiC 
03 = 60 H-C, 04 = 0 

1 c. 0, =02 = 03 = 04 = 0 

12. V c = 0 


Q2 

+ - C 

11 . 

+ - 
r 11 - 

11 4 

2 )iF 

<73 I 
6ptF 

1 11 

ImF 
- IpF 

3 pF 

-ii 5 * * 

q\ 

ft 


10 V 

Fig. A3-4.8 

Loop ADBMA-» + = io 

6 3 

Loop ACBMA-* iL + illil = io 

Loop CDAC -> + =0 

2 16 


(0 

(ii) 

(Hi) 


20 


Solving, we get 0 | = 2Op,C => 0 2 = — jiC , 0 3 = 0 
a- V C -V B = =>0-F fl =y+0 

j/ = _^v 


b. K c - ^ = = o 


1 

20 „ 
a- = y liC 

13. Both 3 jxF capacitors will be in parallel, and similarly upper 
two 1 pF capacitors will be in parallel. The circuit may be 
redrawn as follows: 


„ 100 x 2 

a. K-y.= * » =25 V 

A * 6 + 2 


100x6 

b. V - V =- = 75 V 

B c 6 + 2 

c. F o -F £ 100V 


, „ 6*2 i 

d. C..= -— r + l = 


-« 6+2 

= 125 x IO -4 J 

14. a* False 

b. True 

c. True 

15. Capacitors 4 and 5 are short-circuited. So, they are useless. 
l ) \ ‘ 2 * and ‘3 1 will be in parallel and then 6 will be in series 
with them. 


CHAPTER 5 

Exercise 5.1 


„ „ T , , ■a m It 0.7x1 

1. We know that 7 - — = — n = — = 


-19 


t t e 1 . 6 x 10 

So number of electrons n = 0.44 x 10 19 

2 . a. q = ii = (7.5 A) (45 s) = 337.5 C 

b. The number of electrons N is given by 

N- -= 337 ' 5 ^, ^.lxlO 21 

e 1.6x10" 9 C 

where e = 1 .6 x 10" 15 C is the charge of an electron. 

3. a. The number A' of electrons in 0.6 mol is 

N = (0.6 mol)(6.02 x IO 23 electrons/mol) = 3.6 x 10 23 
electrons 


0 = Ve = (3.6 x I0 23 )(1.6 x 10" Iy ) = 5.78 x 1 0“- C 
b. I = (45 min)(60 s/min) = 2.7 x 10 3 s 

/=i = ^i^ = 21 . 4A 


r!9\ = . 


t 2.7x10 s 

4. Number per second = (number/length) (velocity) 

= (2 x 10 ai )(0.05) = 1x10™ electrons/s 
l=Q/t = (\ X ,10 20 )(1.6 X 10" 19 ) = 16 A 
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5. R = R 0 [1 + a(T- To)] or ot = AR/(R 0 A7), with AR- R~ R 0 
= 0.17 Q and AT= T- r 0 = 15°C. Then a = (0.17)/(25.00 x 15) 
= 4.5x lO^C - ’ . 

6. W“2.415-* 0 (1+ I50a)/? 20 . c = 1.6424 = fl 0 (l + 20a) 
Solving these relations simultaneously, a = 3.9 x 10" J CT 1 
and R 0 = 1.6236 Q. 

From R 0 = p^L/A) 

■ ■5236- ^ (3< y> ■ 

^r(2xl0‘ 3 ) 2 /4 

or r 0 = 1.596 lO^Wm 

Then, p 20 „ c = p 0 (l + 20a) = (1.596 x 10 _8 )(1 + (3.9 
x 10" 3 )(20)]= 1.720 x 10~ a Tim 
This indicates that the material is copper 

7 . We need/?,(l + cc { At) + /? 2 (1 + c^At) ~ 20. Because/?, + r 2 
= 20 whenAt = 0, we must have/?, a, = -/? 2 a^ with a, =-0.5 
x \ and = 5 x 10" 3 . Solving the two equations /?, + i? 2 
= 20 and/?, = 10/? 2 simultaneously leads to/?, = 18.180and 
R 2 -\. 82 Q. 

8. We assume that a is constant over the needed temperature 
range. Then AR = aRAt leads to (35 - 10) = 0.0036(10) At. 
Solving we get At = 25/0.036 = 694°C. Finally 694 + 20 
= 7]4°C (furnace temperature). 

9. When switch is made on, the electric Field E responsible for 
setting current is transmitted through the wire from switch to 
bulb at speed of light c - 3 x 10 8 m/s. So in time Lie , i.e., 
immediately after the field is set up in the circuit and 
electrons start drifting producing current and hence light 
However, the electron at the^itch will take time Liv# Le., 
hours to reach the bulb if it reaches the bulb at all. 

IQ, a. As by definitioo, current and current density are related 
to each other through the relation J = IIS, so for steady 
current (i.e., 7= constant) but nonuniform cross section 
(i.e,, ^constant), Jwill not be constant but will vary with 
cross-sectional area S as 


Joe 


1 _ 

S 


[/being constant) 


Now, as J is related to electric field £ and drift velocity v d 
through the relations 

J= sE and J = nev d 


E = 


cS 


and —- 

neS 



But as for a given metal s and n are constants, 


so 



and 



(as 7= constant] 


i.e., in case of steady current flow through a metallic 
conductor of non-uniform cross section, current is 
constant while current density, electric field and drift 
velocity are not constant and all vary inversely with area 
of cross section, 

b. Yes, current flows in a conductor only when electric field 
established within the conductor exerts force on the 
electrons. 


11. According to ‘electron theory of metals* the drift speed of an 
electron inside a metal in presence of an electric Field E is 
given by 



a. As v,* V > on doubling V , drift velocity will be doubled. 

b. As v d « (1 /L), on doubling L y drift velocity will be 
halved 

c. As drift velocity is independent of diameter d , it will not 
change on doubling the diameter. 

12* a. As at a given temperature I-V curve is linear, i.e., 7, 

the specimen is Ohmic. 

b. As for I-V curve, reciprocal of the slope gives the 
resistance 


And as here Q { > 6 y 

i.e., tan 0j > tan 0 2 so, i- e -> *2 > &\ 

c. In case of Ohmic conductors 

R = /? 0 (1 + aAB) 

i.e., resistance increases with temperature, i.e., higher the 
temperature higher will be the resistance and as here 
R 2 > R\> T 2 > f| 

13. In case of a resistance wire 


R= p^ = p-iy [as5.= ^ 2 ] 

S %r L J 

And in changing dimensions without any change in mass, 
volume remains constant, i.e., 

y= V' or SL^S'U 

a. When the wire is doubled on itself (as shown in Fig. 
A3-5.1(b)) its length will be halved, Le., V- (Li2) and as 
SxL = Sx(U2) i i.e., S'= 2$ 



1 L 
A P ~S 




Fig. A3-5.1 

b. i. When the length of the wire is doubled, i.e., L' = 21 
(as shown in Fig. A3-5.1(c)) 

SL = 2 IS', i.e., S' = 5/2 

( 21 ) 




(S/2) 

ii. When the radius of the wire is halved, i.e., / - r!2 
S‘= Jtr' 2 = n(r!T) 2 = rir 2 /4 = SI 4 




















A3.16 Physics for IIT-JEE: Electricity and Magnetism 


And hence from 

SL = S'L\ i.e., SL = (S/4)L' 
we have V - 4 L 

R'= p^- = p-^- = \6p=\6R 
y S' (5/4) H 

14. Let dq be the charge which has passed in a small interval of 
time dt , then dq~idt = ( 4 + 21) dt. 

Hence, total charge passed between / = 2 s and / - 6 s is 
6 

1(4 + 2/)*// = 48 C 


15. a. £, = 


V_ 

V 



V 

L 


Since the slope of OT 2 is smaller than OT h hence the 
resistance of wire at T 2 is greater than that at T y as resistance 
increases with temperature^ so temperature T 2 is greater than 


p « R 
Ry>R X 

Because for same V, current in Y is less 
So, p Y > p x 

18. We know / = neAv d (i) 

n - number of electrons per unit volume of copper wire 


r,. 


But 


Hence 

^v d ~E 

Hence 

b. /= neAv d 


E$ = —— 

3 L 

£| = ^2 “ £3 
V, = v A . >V A . 


netid' 





/« Vjd 2 

/« Ed 1 


1= KEd 1 


= — - H*.— - HaB. 

V MV M 
From (i) and (ii), 



(ii) 


m 

N A peA 


4.9x]0" 7 m/s 


19. a. As current 1 = qfi 


Current density 



(i) 


Hence 




I\> /j > /; 


V I 

16. We know R = — and slope of I V curve - — 

/ R 


or 


R = 


1 


slope 



Fig. A3-5.2 


l 

Taking 7\ the length of beam, v = - 
Multiplying (i) with Ul , we get 


| J|= -21 =-2- 
1 1 Ate (A£) 



(ii) 


(iii) 


1^1 = 


2x2xlO*xl.6xlO~ 19 

10 -6 


x i x 10 5 


= 6.4 A7m 2 

In vector form, (iii) can be written as 


J = 



As velocity of positive ions is towards north, hence the 
direction of J will also be towards north, 
b. No, we need area of cross section of the wire. 

20. dl^Jlnrdr 

1-— )2 izrdr 
dl= 2KJ 0 ^\-jjrdr 


dl 
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_ JpA 

~r 

21. Let at distances, the radius is r. Then, 




If z goes from a to b. 


pe 


n(b-a ) 

1L 

nab 

pt_ 

nab 


i.il 

a b\ 


22 . 


Rf 

R, 


If 1, 1/ 1, 

p— —p— —- L 


xlOO = ■ 


V 


A, 


4 




L 

a, 


(i) 


Let the initial length of the wire be 100 cm, then the new 
0.1 

length is 100 H-xlOO. 

6 100 

I f = 100.1 cm (ii) 

Let A i and Aj be the initial and find area of cross section. 
Then 100x^=100.1^ 


A,= M-A, 


100.1 


From (i), (ii) and (iii) 


(lOO.l) 2 100 


R/-R, 1004 

--x 100 =-- 


R, 


100 

A, 


-xlOO 


(iii) 


_ (100.1) 2 -(lOO) 2 

( 100)2 

200.1x0.1 


xlOO 


xlOO =0.2% 

100x100 

23. a = 0.5 mm 2 = 0.5 x 10 -6 m 2 , © 

7=0.1 m, T { = 25°C, 1 = 10 A, T 2 = I075K 


a. l 2 Rt = ms AT 


I 2 p—xt = ms AT 

a @ 

msAT~xa (dxaxl)sAT'Xa 


t = 


I 2 pl 


l 2 pl 


da 2 sAT 

I 2 P 


R = 



pi 

n(b-a ) 


dz 


Pi 

n{b-a ) 



9xl0 3 x(0.5xl0 _6 ) 2 x9xl0' 2 xl0 3 x4.18x1050 

10xl0x,16x 10' 8 
= 555.5 s = 9 min 16 s. 

b. Since length does not occur in the expression of time, the 
melting does not depend on the length. 




































/ 
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Exercise 5.2 

I 

j '6 12 

/ r 3 + 5 33 

1; r = X V 

- + - 
3 5 


1 _ 1S o 

r * 1 1 " 8 ° 
3 + 5 


E&q _ 


1 Hence, 



2 n 


Potential difference across PQ 



r PQ~ *2* 
Current through 6 V battery: 
132 


„ _ _ 66 132 

Vpo~ UR - ■—x2 — V 


31 


31 


31 


— 6-37, 


/,= — A 
J 31 


Hence, 


= 132 18 114 

3 31 31" 31 


2. and R 4 are in series. The combined resistance is 400 Cl. 
Now, R 2 = 100 Cl and 400 Cl resistances are in parallel. 


Ri=5on R 3 = ioon 
-MAA -1-\AAA- 


' £= 65 V 


J/? 2 = 100Q 


:r 4 


Ri = son r 3 - ioo n 

-A/WV—i VWV— 


zr 65 V 


:r 2 = loon 


r 4 = ioo n 


Fig. A3-5.6 

The combined resistance is 
, (100 x 400)/500 — 80 Q 
Total resistance 

R= 80 + 50 = 130 Q 
7= 65/130 = 1/2 A 

So, V= IR y = 1/2 x 50 = 25 V 

3. Equivalent resistance R f of the parallel combination of 12 Q, 
6 Cl and 4 Cl resistances is given by 

1 1111 D , _ 

— = —h -h— = — or R ^2 Cl 

R f 12 6 4 2 

Total resistance of the circuit is 

R= 1 + 5 + 2 + 2 = ion 

£=20-8= 12 V 

a. Current in the circuit, 

1= - = — = 1.2A 
R 10 

b. Combined resistance of 6 Cl and 4 Cl in parallel 

-^=2.4 a 

6+4 

Current in resistor of 12 £2 coil 

= — xl.2 - 0.2A 

J2 + 2.4 

c. p.d. across the 20 V battery 

= (20-1.2 x 1) = 18.8 V 
p.d. across the 8 V battery 

= (8 + 1.2x2)= 10.4 V 

4. a. When no current is drawn from a cell, potential difference 

across the terminals of the cell is equal to its e.m.f. 

From the graph it is clear that e.m.f. = 1.4 V 
b. Further, V- e-Ir 

E-V 

=> r= - 
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Here, e = 1.4 V Consider any given value of potential 
difference from graph, say F= 1.2 V. 

Current corresponding to this p.d. is = 0.04 A 


5, The figure drawn shows the directions of currents. 


I 2 d f l = h + h) a 


, 25 V 

/(= /i + k) 


Applying KirchhofPs second law to the mesh abcda , we get 
-A + 1 7 ) + 25 ~ 9^ - 1 x7, + 15 = 0 
or 7/| + 2/ 2 = 20 

Applying KirchhofPs second law to the mesh abcefa , 

25 - 4(7, + 1 2 ) - 2I 2 - 3I 2 + 10 = 0 
or 47, + 9I 2 = 35 

6, Since the galvanometer shows no deflection therefore 
Wheatstone bridge is balanced Applying condition for 
balanced Wheatstone bridge, 

100(100 + 7?) _ 200 
100 rt 40 “ 5 


k 


'l 





_ 15V 


- 10 V 


^ 1ft 


' 3 Cl 


> 9n 

h. 

2n 

h 1 



L— W^r- 




e c b 


Fig, A3-5.7 


or 

or 

7, 0.25 = 


5/? = 100+7? or 47? = 100 
R = 25 0 

IQE E 

and 25 =--— 


59 + 10r 


0.05+ — 
10 


8. nm = ?, 30 = 


nx 1 


m 


or n — 30 m 


, nE 3 wxl5 

1 = - or - =- 

. <2x30 . 2 60 


90 n 60 

n- — =60 or m = — = — = 2 
1.5 30 30 

9. If Fis the applied potential difference and R is the original 
resistance, then 


Dividing, 


R 

7? +2 


- = 5 and 


/? + 2 


■ = 4 


= - or R = 8 0 
4 


10. An equivalent of the given network is shown in Fig. A3-5.8. 
It is clear from the network of the figure that the resistances 
o f 

2 0,40 and 2 O are connected in parallel with each other. If 


R p is the total resistance, then 

1 1111 

-—l—J--— j- — 

R p . 2 4 4 2 

1 2 + 1 + 1 + 2 3 



or 



20 



11, Nete.m.f. = 8-4 = 4 V 

R A8 = 6 x 3/9 = 2 Q 


4 V 8 V 



/Total resistance of the circuit = 80 
So, 7, =4/8 = 0.5 A 

F^=0.5x2=l V 

So, 7 2 = 1/3 A and7 3 = 1/6 A 

12. Traversing the upper and lower loops anticlockwise, we get 
27, + 67 2 = 24-27 

or 27, + 6/ 2 = - 3 (i) 

and 47 3 - 67 2 = 27 
or 4(7,-/,)-$ = 27 

or 47,-10/2 = 27 (ii) 


24 V 2 Cl 



Solving equations (i) and (ii), we get 

7, = 3 A, / 2 = -1.5 A 
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; 3 = /|-7 2 = 3+1.5=4.5A 
13. The given circuit can be redrawn as follows; 

20 



20 


Hence* 


±= 1 I 1 

R' 2 + 2 + 2 


-Cl 

3 

2 14 

^Toian 2 + - + 2 = —£2 


. V 14x3 

/ = — =-= 3 A 

R 14 


14. 



6 

i—VvW- 


16 

-AAAAr 


O 

-AAAA—i 


In 0), 


V/ 

—Il- 

(H) 

Fig. A3-5.12 


i x 8 = R x i 2 
8i 

2 /? 

, , , 8 / 
1= l+u =/+— 


-HIGH 
(¥MH 


K= / 


In (II). 

K=;(24 + tf) 

Now, from (i) and (ii), we get 
24/1 + 128 


(0 

(") 


■=24 + R 


R= -71280 


15- V ah = h 


(‘♦£) 


V*-l i(8.4) 

Kb= /2 ( 4+ HI) 

Y, b =hm 


(0 


(ii) 


From (i), 

/ 12 10 A 

a. Ii- -— = — A 

8.4 7 

/ ( is the current in the 6 Cl resistor 

b, / 2i4 “ ~—-x—= - A 


6+4 7 


c. From (ii), 1 2 = - A 

3 

Current in the 4 £2 resistor is — A. 

2 

It will equally divide into the 8 Cl and 8 Cl resistors which 
are in parallel 


h 


3 3 

—“ - —A 
2x2 4 


16. 





2 V 


Fig. A3-5.13 

Applying KirchhofFs law in any branch, 
4-4 (2x)~x~ 2-* = 0 
=* x- 0,4 A 

V .-Vh=*~ (4.4) = 2.4 V 
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17. Applying KirchhofTs current law, 



At node V , 


+ 

oo 

1 

II 

o 

1 

3 

2 

26 8 

V V V 

—_ -| - = 


6 3 

2 3 6 

26 + 16 

3V +2V + V 

6 , 

6 

V = 

7 V 


26 _y jg 

a. Current through the 6 12 resistor is 1 6 =-= —A 

6 6 

8—7 1 

b» Current through the 3 12 resistor is / 3 = —— = - A 

7 

c. Current through the 2 12 resistor is = — A 

26 

d. Current through the 5 resistor is 7 5 = — A 


18. 


7 h D 6 n 



ii - 4 


312 


In^Z>C,-27 + 3i\ - 7/ 3 = 0 
In/vf£5C, 

2 + 3(i, - - 29 - 4/' 3 -0 

-27 + 3/, - li y = 0 
(i) x 3 + (ii) x 7 => i y = -3 A 
Putingin(i), /^ = 2 A 

Puting in (A), i 2 = 2A 

InACB, V A ~V B = - 2+ (-3x4) 
^-0 = -14 V 


(A) 

(i) 


(ii) 


a. |^|= 14 V 

b. = 14 - 14 = 0 


V A -V D =1 y.2 - M 


^ c = 6 x (i, - / 2 ) = 6(2-2) 

^=0 +K C 

c. F G = 0 V 

19. a. At / = 0 capacitor acts as short-circuit. 

There will not be any current in the 40 Q resistance. 

10 
20 

b. Capacitor acts as an open circuit, 


/„ = - = 0.5 A 


/= — = t A 
60 6 


c. Voltage across capacitor 


V A(i = IxR= — x40 
6 

Q=CV= 0.50x-x40 = —uC 
6 3 

d .q=q 0 (e~ l,RC ) 

Capacitor will discharge through the 4012 resistor when S 
is open 


20 

Too 90- *> 


40x0,5x1 (T 1 


1 


,20x10^ 


or In (5) x 20 X L0~*=r 

20. Here internal resistance is given by the slope of graph, i.e,> 


but conductance = 


1 


resistance x 

21. In parallel combination, each resistor has same potential 
difference, i.e., 200 V. The circuit therefore reduces to 



Fig. A3-5.16 
2000 


4 


= 500 Cl\l— — =0.4 A 
500 


22. From the circuit given in question, current through 
2 [0 10 

Potential difference across = potential difference across R 


x lx 
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Rj x — I = R x — 


10 


10 
R M 


i.c M R 7 = — = — ft 


n 

eq r 2 +r n n 10 

9 1 

Total circuit resistance = — + /?,= = 11 

10 1 

R. = 11 - — =9.9 £2 
1 10 


23. Loop AFMN : 20 = 5/, + 12(/, - 4) 



S 

4 O 

1 O 
k 


20 = 17/] - 12/ 2 
Loop A FEE A: 20 +- 20 = 5/, + 5/ 2 


8=7, + / 2 


(0 

00 


Solving, we get /, = 4A, 4=4 A 
So cuiTent through MN = / t — / 2 = 4- 4 = 0 
And current through each of the batteries is 4 A. 

24. In the given circuit A, B, C and D are at same potential by 
symmetry. 


Rr 


R 2 



Fig. A3-5.18 


R = ^L±* 
R «i 4 


2 , /?, = a/; = —r 


ar [. k ) a >■ 

cq ~ t(. + 2j ~7 (2+;r) 

25. The current will flow from the positive terminal to the 
negative terminal in the battciy During charging the potential 
difference 


= K+/r = 2 + 5x0.1 = 2.5 V 

26. Battery should be connected across 4 and B. Output.can.be 
taken across the terminals A and Cor B and C 


- 


B 


-VWV- 

R 


-.U. 

Fig. A3-5.19 

Exercise 5.3 

is a. At / = 0, C will behave as a short-circuit, so no current 
passes through R 2 . And ] = I { = e!R\. 
b. At t - oo t C will block the current. So 1\ = 0. 


And 


/= / 2 =- 


2?| 

2. a. In each case, in steady state (equilibrium), potential 
difference across capacitor will be E. So charge in each 
case will be finally q = CE. 

R 



—vwv— 



| 

£ - 

r = 

= C £ “ 

_ < 

i- < 

< 

> < 
R < 


R 

— ww — 1 


J 

i_] 


( 1 ) 


( 2 ) 



b. r, = IRC, Tj = -Q^RC 

For (1), time constant is- the largest so it will take 
maximum time. For (2), it js the smallest. So time taken 
will be in the order; (1) > (3) > (2). 

3. a. Immediately after the switch is closed, C, will act as a 
simple wire due to which R 2 and R z will be short- 
circuited. 


So, 




b. After a long time, C\ and C 2 will block the current. 
Current will pass through only and /? 3 . 


/ = 


R j +2? 3 
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4, For t = / 0 to / = 2/ 0 , 

V- at-b 
Charge on capacitor q - CV 



Fig. A3-5.21 
q = C[ai + b] 


Current, 


dq 

I = — - Ca constant 
dt 


Potential across CD^IR = CaR constant 

From 2/ 0 to 3t 0) V is constant, so no current flows through the 

capacitor or resistor. Hence VCD is zero. 

5. a. is closed, S 2 is open. 



V U -Va = 


1x24 

1+5 


= 4 V 


—— = 12 V 

U B 3 + 3 


b. (i) Just after closing S 2> A and B will come to the same 
potential, so V A -V B = 0. 

(ii) After a long time, no current will flow through AB, so 

Va~V »-8 V 

/-_5_=_S—Ia 

+i?2 10 + 20 5 


r 2 = 20 n 



7. 


ji-C,K|=C,//t, = Ix^xlO = 2 jiF 

q 2 ~ C 2 V 2 = 2 x 6 = 12 (j,F 
<?,= 400 ftC 

R = 1000 O, ? = RC = 500 x 10" 6 x 1000 
= 5 x 10“ 2 


q = %e~" X = 400e Sx, °’ 


400 

= 7^ c 


8 . 


q 3 


9= %e 


-tl T 


9. 


_ _ _-i/r 

T~ 90 

r= = RCtn 2 

< <4 _ 2.2 

Cf« 3 2^n, 

<7 = 9o(l - e ~' /T ) 


Put 


/=t ; = 


-2-X100 = 

9o 


<?0 

s-1 


xlOO = 63.2% 


10 . 


a -SR. 

2C 12C H 


So, ^| = ? 0 [l-e-' /T ] =><=1.23 t 


6 . 
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CHAPTER 6- ‘ 


Exercise 6.1 > 

I. Irt series / is same for all ejerfterfts, so if an ammeter is 
connected in senes with.a resistance R, its reading will be 
equal to thecUfrem through R (as shown in Fig. A3-6.1). 


A 


A/WV —®-— 

/i = h ' 2 


-AA/W 

R 

—A— 


(a) 


(b) 


. Fig; A3-6.1 

Similarly, in parallel V is same for all elements, so if a 
voltmeter is connected in parallel with a resistance R , 
potential difference Across it will be same as that across R. 
This is why an ammeter is alwa_ys connected in series while a 
voltmeter is connected in parallel with the element to 
measure / (through!!) knd V (across it). 

2. By presence of a voltmeter fn series with resistance R in a 
circuit* tiue to voltmeter's high resistance, the current in the 
circuit 7 (~ V/R) will.decrease'appreciably to V (» VfR) and 
as this V will further dfvide in resistance R and ammeter* the 
current through ammeter./^ wiU be even lesser than 7. 




.Eljg* A3-6.2 

3. As shown in Fig" A3r6.3 the voltmeter is in series with /?* so 
V-V\ + V R > he,; )/)0 


Y ■. I* Vr 

- ■ ■ . i 

+ ■_ i ■ R 

~^(v)—WVV— 

'-> ; Y ■ ; 

. Fig ;A3-fc3'- 

i.e. f . ; V k = U0~5.= 10? V 

And as in series potential divide's in proportion to resistance, 


V R R . 105 

~ = ~ v i-e., 


7?! 


— R = 420 

20 kQ 


k a 


4. Let the length of the potentiometer wire is £, and V is the 


potential difference across it, then potential gradient K= y. 

Let balance point is obtained at / ( , then measi^ed potential 
VL 

difference - KL - —- 
1 t 

Let us make en-or A/ in measuring l [3 then percentage error 


- — xlOO. 

If / is increased, then also increases and hence percentage 
error will decrease. So accuracy increases. 


5. For balanced Wheatstone's bridge — = — 

40 60 

X= 2D 

Resistance of wire = 1 x 100 = 100 D 
Current drawn from battery, 


1 = 


J_ 6 
100 *2+3 


1.26 A 


6. A potentiometer is said to be sensitive if fall of potential per 
unit length, i.e* potential gradient (dVIdl) is small. The slope 
of V-I graph gives potential gradient, which is smaller for 
potentiometer with Y than for potentiometer wire X. 
Therefore, potentiometer / will be preferred for comparing 
e.m.f.s of the two cells. 


7* In this case, 


X 


A 

*2 


x= 


R ^_ = 10x68.5 
C ) 58.3 


= 11.75 D 


In case of failure, a high resistance is put in series with the 
cell E. This will reduce current through R and X and potential 
difference across them will be reduced to values lower than 
the potential difference across wire AB. 


80 cm 20 cm 



Fig* A3-6.4 

From first null point 

X_ = 80 
Y 20 


(0 





















































From second null point 
( 100 * 


1100 +AT 


60 

40 


00 



Fig. A3-6.5 
From equations (i) and (ii), we get 


500 125 

*= — £} and Y= —- ii 
3 3 


9. Equivalent resistance of the ammeter 

(480n)(20fl) 
480 £2+20 £2 


= 9.2 £2 


The equivalent resistance of the circuit is 140.8 £2 + 19.2 £2 

= 160 a 

20 V 

Current i = _ =0.125 A 

160 £2 

This current goes through the ammeter and hence the reading 
of the ammeter is 0.125 A. 

10. Given, 0= 12.0 n. 


I g = 2.5 mA = 2.5 x 10 ‘ 3 A 


i. 7=7.5 A,5=? 


£ = Qx —^ 


I-L 


= 12x 25x10 —-Q =4.0xl0~ 3 £2 

7.5-2.3x 10" 3 

Resistance of ammeter is given by 

_L = 1 I - S+G 

R a G + S ~ SG 

„ SG 4.0xLO' 3 x12.0 _ 

or R„ = - = - 7 - Li. 

S + G 4.0xl0 -3 +12.0 

= 4.0 x 10' 3 £2 1 


li. V= 10.0 V, R = ? 


R =- G = 

L 


10.0 


2.5x1 O ' 3 


- 12.0 


= 3988 £2 

Resistance of voltmeter, 

Rr=R + G~ + 12 = 4000 Q 


Appendix A3: Solutions to Concept Application Exercises, A3.25 
* 

11. We have l b = 1,00 mA = 1,00 * 10‘ 3 A and R A = 20i0 £2„ 
and theammeter should be able tohandfc maximum current, 
/ = 50.0 x 10~ 3 A. 

Solving equation I g R g ^ (i - I s )R s ’foT>R si we get 

, i y 

_ i g it, ' (i ; oo.x i o' 3 AX2Q.0 a) 

*' ~ l - L '.50.bx.i0' 3 A - l.OOx 10" 3 A 

= 0,^080 '•••' 

The equivalent resistance./?;^ of the.instrument isgiveh by 

i _ •!: ■ i" ■ 

~R^ ~ ~Rq ^ rJ' _ 20.0£2 + 0.408tQ 

Rcq = 0.400 fi . ■ 

The shunt resistance is so small,in comparison to the meieF 
resistance that the equivalent Resistance is very nearly equal 
to the shunt resistance. This shunt resistance gives us a low 
resistance instrumentwith the desired range of 0 to 50.0 mA. 
At full scale deflection, /=5Q.0-mA; the current through the 
galvanometer is 1.00 mA, the current through the shunt 
resistor is 49.0 mA and o .0200 VIF the current 1 is less 

than 50.0 mA, the coil current and the deflection are 
proportionally less, but the resistance is slill 0.400 il. 

12; Solving equation for R Si we have 


ftV. Lr ■_ -10-Q^ 

R *^ J. 0 . 00100 ^ 

*e j -■ 


- 20.0 Q t 


= 9980 n 

At full scale deflection, V (il> = 10.0 V, the voltage across the 
meter is 0.0200 V, the voltage across /?$ is 9.98 V and the 
current through (he voltmeter is 0:00 J 00.A‘; In this case most 
of the voltage appears across the series resistor. The* 
equivalent meter resistance is R cq ~ 20.0,+.9980 = 10(500 12. 
Such a meter is described as a "t000. oh ms per voh.meteri 1 , 
referring to the ratio of resistance to fujlscaiedeflection. So 
the voltmeter draws off only a small fraction of the current 
And disturbs only slightly the circuit.'berrtg measured. . ■ 


13. Inremal resistance of the cell is given by/^ R 


Here, 

R - 1 Q, t x - 60 cm/4 = 30 cm 

Hence, 

, 60-30-1;' io r ' 

r= IX-Q 1 


■30 

14. r~ e ' xR~ 

800-400' = ; 

*2 

400 ’ 


ERo -■ 

15. Potential gradient, X- > * — 

[R+R P ±r)L- 


(where f?^is reststanceof the wire) 


50-xlO'. 3 = ; . :‘ n2 ' 5x3 .° ’ 


■ .. (R+30+5)x 10 . 


R- t 115£2 ; , V - 
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16. X= — = = 0.0025 V/cm 

L 440 

Potential difference across R is 

0.0025x220 = 0.550 V 
Error in the reading of voltmeter 

“ reading of voltmeter - reading of 

potentiometer 

= 0.5-0.55 = -0.05 V 

17. We should connect this galvanometer in series with the given 
resistor. In general resistance of galvanometer is small, so it 
can be neglected. If R is less, / is high, so 



120 Y. 

Fig. A3-6.6 


«*W “ 40 X lO -6 A, R min = = 3 MCI 


For the circuit of Fig. A3-6.8: 



I v x R v = (7- ly) 300 
I„x 1200 = (/-//) 300 

47„=7-7„ =>7=57„ (1) 

Also, 300(7 - 7„) + 400 7 = 60 =s> 700 7 - 300 7„ - 60 

60 3 

3500 7^ — 300 I v = 60 =>7„ =- = —A 

v 3200 160 

3 

Reading of voltmeter = x 1200 = 22.5 V 

20. For the experimental verification of Ohm’s law, ammeter and 
voltmeter should be connected as shown in Fig. A3-6.9. 


OO 

"t 

11 


= 5 

'0.52 

1 

_v 


. 0-4 


= 5[ 1.3 - I] = 1.5 Q 


19. According to Ohm’s law, the current flowing in a metallic 
wire is directly proportional to the potential difference 
applied across the ends of the wire provided other physical 
conditions like temperature, strain, etc. remain constant. 
For the circuit of Fig. A3-6.7: 

Let the resistance of the voltmeter be R v and the current 
flowing through it be I yt 



Then 

Also, 


Fig. A3-6.7 

I y R y = 30 and (I - IV) x 400 = 30 

300x7= 30 =>7=0.1 A, .■. 0.1 -7„= — 

v 40 

/=0.[-— =>/„= — = —A 

v 40 y 40 40 


-x^=30 


>R V = 1200 Cl 


Ammeter 



CHAPTER 7 

Exercise 7.1 

1. a. Just after it is turned on, the energy supplied to the bulb is 
higher. Because initially resistance is low and it increases 
with increase in temperature. 

b. After connecting b and c, will be short-circuited. Hence 
it will not glow. Now, entire potential difference will be on 
R t . So brightness of R i increases. 

c. D is short-circuited, so D will not glow. Potential difference 
across C is V. potential difference across the series 
combination of A and B is V y so potential difference across 
each of>I and B is P72. So, brightness of C is the greatest 
and that of A and B are equal. 

If A fails: B will not glow. No effect on C and Z>. 

If C fails: C will not glow. No effect on A y B and £>. 

If D fails: No effect anywhere. 
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d. Because resistance is directly proportional to length. At 
low current and high voltage energy loss will be less. 
Because if current is less, then loss of energy - PR will be less. 

e. Initially, current will be high in the circuit, so bulb will 
glow with maximum possible brightness. But as the time 
increases, current will decrease and brightness of the bulb 
falls and finally the bulb goes out. 

L This is not true. Because in series, current through all the 
bulbs is same. The current is simultaneously setup in series 
through all the bulbs. 

V 1 A 


g. P ~ - ~ 

R PI 

Here, P, V and l are fixed. We can vary A or i . 

V 2 

2. Resistance of a bulb is given by R = —. Now, 100 W bulb 

will have less resistance. So we arc connecting less resistance 
in series with the heater. It means potential difference across 
the heater will increase. So the heater will give more heat. 


^rnax ” (*max ) * 18 - X 2 => 3 A 

Here *0,-3 0. 

So maximum power of circuit = j£ ax R cq = 27 W 
V 2 

4. We know that R - —. Therefore, resistance of the first bulb 

D ^ 

is Ri = — . 

n 

V 1 

And resistance of the second bulb is R-, = — 

2 P 2 

In series same current will pass through each bulb. 

7 V 1 

Power developed across the first bulb is P(-1 — 


and that across the second bulb is P{ = I 2 — 
Power in bulb 1 


A 


Power in bulb 1 ^ 

Power in bulb 2 R Power in bulb 2 


<1 asP 2 <P, 


Hence, the bulb rated 220 V and 40 W will glow more. 
5. Here, P= 30 W, K= 6 V 

V 2 ((Pi 2 

Resistance of the bulb, R . =— =-= 1.2 Cl 

1 P 30 

P 30 

Current capacity of the bulb, / = — =— = 5A ■ 

Supply voltage, V* = 120 V 
6 V 

M 



120 V 

Fig. A3-7.1 


Let P 2 be the resistance used in series with the bulb to have a 
current of 5 A in the circuit. 

Total resistance = R^ + = R 2 + 1.2 

/. Current 1= V'i (P 2 + L2) 

120 120 

or 5 =-or R' =-) .2 = 22.8 Cl in series 

R' + 1.2 5 

Alfernatively: 

Potential difference across the bulb should not exceed 6 V. 


For this: 


114 


114 


=•—A =-x 1.2 = 22.8 £2 


114 6 1 6 

6. a. According to Joule heating, the rate at which heat is 

2 V 2 

produced in a resistance is given by P = I R = —. And in 


parallel Fis same, i.e., = V v 

-a 


^2 „ A 


So, — = —- = —- 


>7 


L't J 


Pi _ A 


Pi 


P 2 = 2 P, 


2 r 


-\2 


2A L ^ J 




(as L 2 = 2 L x and /\ - 2rj 


i.e., 

i.e., heat produced in the thicker coll is more (Le., double) 

than that produced in the other coil. 

b. For three equal resistances each of value R y 

V 2 

* 5 =3*p s =- 

And when the given resistances arc connected in parallel: 

-L = I 1 i 

R P R + R + R 


n R n V 2 3F 2 

,c> ~’ Pp = (R]t) = ir 


' 3 
A 


P 3V 3R 

So,-^- = —— x — = 9, i.e., P f > - 9P V , i.e., power dissipated 

in parallel is 9 times that in series. 

7. As the three bulbs a>c in scries and identical, initially when 

switch S is open, V A - V n - V c = ~ V 


Also Pj — Pn — P r — 


(V_/2f 

R 


9 R P 


Now, the switch S is closed, 

a. The bulb C is short-circuited and hence potential difference 
across it V'. = 0 and so V A = V' t = V!2 with V[. = 0. And 

hence , % + * ,(vrxt,YL . 

A 0 R 4 R 

9 

i.e., P A - P# = ~ P, i*c-. intensities of bulbs A and B will 
increase and become 2.25 of their initial values. 
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b. As Y f c = 0, no current will pass through bulb C * so it will 
give no light* i.e.* P'= 0. 

c» As /? r changes from 3£ to 2R , so the current in the circuit 
will change from 


r y „ y 

/= -— to / = —, 
3 R 2R 


i.e.* 


r-\, 


i.e,* current in the circuit will increase and will become 1.5 
times its initial value. 

d. As explained above* initially the voltage ^divides equally 
across A * B and C, i.e.* K=Fj=K c = F/3. Now when the 
switch 5 is closed, bulb C is short-circuited* i.e.* V r c = 0, so 
voltage Know will divide equally across A and B, i.e.* V J A 
- V' B = K/2. So voltage across bulbs A and B will change 
from V/2 to V12 while across C from K/3 to zero* i.e.* voltage 
drop across A and B will increase while across C , it will 
decrease and become zero. 

Further as R T changes from 3R to 2 R, so power consumed 
in the circuit changes from 


P r = 


V_ 
3 R 



Le., 



ue,, power dissipated in the circuit increases and becomes 
1.5 times its initial value. 

8. Since m - pA\ y the lengths and hence the resistances of the 
wires are in the ratio 1:2. Also when they are connected 
in series, {teat produced will be in the ratio b2* because 

h = i 2 r. 



To boil water in 10 min, power should be increased. To 
increase power, length should be decreased. 

10. Power drawn by motor: 

P= P7- 50 x 12 = 600 W 


Power loss =-x 600 = 420 W 

100 

This power is lost in the form of heat in the resistance. 
?R = 420 

(12) 2 R = 420 => /? = 2.9 Q 

11- Heat produced = Heat loss through surface of wire 
I 2 R = HlriRt 

Where H is the heat loss per unit surface area of the wire. 

I 2 — = H liiRt 
a 

Put a = nr 1 

/W 

a (i) ‘ p?) 

12. P in = 12 x 2 = 240 W 

Heal low = 9 cals/s = 9x 4.20 = 378 J/s 
^,= 240-37.8 = 202.2 W 


Efficiency r? = ^-x 100 = 84.25% 

^in 

13. Heat produced - Heat loss 

r e 

Here V= 400 V, K = 4Xl0~'cal/cms o C 
= 168 x KT 1 J/cm s°C 
AT = 100, l = 1 mm = 0.1 cm 
A = 6(40) 2 


400 2 _ 16.8x10^ x6x(40) 2 xlOO 
R ~ 0.1 

R = 9,92 a 

14. 2 l When the lamps are connected in parallel* then potential 
difference V across each lamp will be same and will be 
equal to potential difference necessary for full brightness 
of each bulb. 

Because illumination produced by a lamp is proportional 
to electric power consumed in it* and power consumed is 


V 2 V 2 

P,= — < — = A 

*, 

hence illumination produced by the second bulb will be 
higher than that produced by the first bulb* i.e.* the bulb 
having lower resistance will shine more brightly, 
b. When R l bums out* then power is dissipated in R 2 only. 
Because internal resistance is quite low in lighting circuit* 
potential difference is still equal to V t hence power 
dissipated in the second lamp, i.e.* 


V 2 


*2 


,2 \ 


* net power consumed initially. 


In other words, net illumination will now decrease. 

c. When the two lamps are connected in series* the potential 
difference across each lamp will be different but current/ 
flowing through each lamp will be same. 

Hence* illumination produced by the first lamp will be 
higher as compared to that produced by the second lamp* 
i.e.* the lamp having higher resistance will glow more 
brightly. 

d. When lamp of resistance R 2 bums out and only lamp of 
resistance R } is connected in the circuit* then current flowing 
through the circuit will change. Let new current is i\ 
Because potential difference still remains same 
(due to low internal resistance)* hence 

/'*,» i(Ri+R 2 ) => / > =(/(fl l +* 2 )]//? l 

If P' is the power consumed* then 


r 2 R i =[l 2 (R i +R 2 )(R,+R 2 )]/R i 

When both the lamps were present then total power 
consumed was given by 
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P s - + P 2 - i 2 (R i + tf 2 ). i-e., illumination gets increased 

when only bulb is used. 

15. Let the power supply is V. Let resistance of each bulb is R . 
Total resistance of circuit = nR 

V 1 

Power illuminated by all bulbs, = — 

nR 

P v 2 


Power illuminated by one bulb, A = — = —— 

r n 

After one bulb is fused, the powers are 


n n 2 R 


P\ 


- P f - 
. * - 


1 (*-l)*’' 2 “( w -l) 2 * 

a. Fractional change in the illumination of all the bulbs: 

/,= ^L—5- = ^L-l=-^ - 1 _ J_ 

J ' P P n-l ~„-i 

b. Fractional change in the illumination of one bulb: 

- /y-A n 2 . 2 » —1 

'("-I)’' = (»-l ) 2 

16. Power input = P { = VI = 100 x 6 = 600 W 
Power output = 150 W 

Efficiency: „ = — x 100 = 25% 

600 

Heat produced is 600 — 150 — 450 W 

=> f- * = 450 where R is the resistance of windings 

-a *=^ = ^ = 12.50 
6 1 36 

17. Voltage drop across line = 10 V, current = ^ = 5 A. 

^ . I , 100 , 

Current drawn by one lamp ^-A 

230 

_ , /■ ■ 5x230 ., _ 

So number of lamps - -= 11.5 

100 

18. Total wattage consumed (units) 

_ 7x40x6 2x60x6 5x(220x0.4) x 1 

1000 1000 1000 

( 220) 2 10 

+ --—x— 


48.4 1000 

= 12.84 per day 

No. of units consumed in one month (Jan) => 12.84 x 31 = 
398.04. 

Total bill - 2 x 398.04 = Rs. 796.08 

„ 200 J _ 200 2 
19 ‘ R ' ~ 300 ’ * 2 _ 600 


The resistance of the first bulb is more. Hence in series, the 
first bulb will produce more illumination. 

b. A = ^ _ 300x600 = 200 W 

P + P 7 300+600 

c. P = A, + A, = 300 + 600 = 900 W 

20. Let stabilizer gives voltage V % then power produced by the bulb is 

A-f-L)’ 100 
U 20 J 

dP = 2 dV 
P V 

If y^ = +l%,then y = ±2% 

Hence maximum power produced, 

/ > max = lM+2%=102W 

Minimum power produced 

P nki = 100-2% = 98 W 

_ ' output power 

21. Efficiency =Tf-- - 

input power 

„ L • £ 

rj =-where ; =- 

€1 R + r 


-AAAA— 


R 

-WA— 


n = 


R+r 


Fig. A3-7.2 


0.6 =-=> 2R = 3r 

R+r 


New efficiency 77 , = 


6R 

6R +r 


= 0.9=90% 


22. 25 W bulb will glow brighter. This is because P = l 2 R where 
/ is the current flowing and R is the resistance of the 
appliance. When 7 is same* P « R. The resistance of 25 W 
bulb is more and therefore P is more, 

CHAPTER 8 

Exercise 8.1 

1. a. B A cos 8 where A is area of the flat surface, 
b .BA cos 6. 

2. a.—W or 3.125xi(T 3 W 

320 

b. 0 (zero) 
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V/ 

B 


Fig. A3-8.8 


e,m.f.= Oas 



h 


5. E = 2RvB 


| v 08 


_ 

Fig. A3-8.12 

6. Induced e.m.f. =0 


•-VWV-- 

P Q 



V 

\ 

®e 


Fig. A3-8.9 


e.m.f. = 0 as £ I 


c. 


B 

t 


Fig. A3-8.10 
—> —> 

e.m.f.= Oas ixB 

3. Consider rod ^4#, which is a part of the coil, e.m.f induced in 
the rod = BLv. Suppose the e.m.f. induced in part ,4CZ? is E> 
as shown. 

Since the e.m.f. in the coil is zero, e.m.f. (in ACB) + e.m.f. 
(in BA) = 0 

or -E + vBL - 0 

or E = vBL 

Thus e.m.f. induced in any path joining A and B is same, 
provided the magnetic field is uniform. Also, the equivalent 
e.m.f. between A and B is BLv (here the two e.m.f.s are in 
parallel). 

4. The same e.m.f. will be induced in the straight imaginary 
wire joining A and B s whi® is Bv£ sin 0 . 



P - -VWV-11-» Q 

2Bav 

Fig. A3-8.13 
7. Induced e.m.f. = 2Bav 


8 . 


9. 


2Bav 



Fig. A3-8.14 


—ww 

Blv 

-VWV 


Blv 


Fig. A3-8.15 




Fig. A3-8.16 



10 . 


E— Blv — 


27C^ 


Alternatively: 


e.m.f. is equal to the rate with which magnetic field lines are 
cut. In dt time the area swept by the rod is Iv dt . The magnetic 

field lines cut in dt time = Blv dt = . 

2 n x 


i 

Const 



Fig. A3-8.ll 


Fig. A3-8.17 
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The rate with which magnetic field lines are cut= 


E&ll 

2nx ' 


11 . E=Bilv-B^lv 


Mo* 


Iv- 


Mo' 


2 nx 2 n(x+b) 


Iv 


2 itx(x+b) 


Bjlv 



A /WV 


AM/V 



B 2 Iv 


Fig. A3-8.18 


Alternatively: 

Consider a small segment of width dy at a distance from the 
wire. Let flux through the segment be d$. 


Constant 

current/ 



Fig. A3-8.19 



2n { y 

= ^( la ( x+b )~ ]nx ) 

Now. 

dip _ fipil [~ 1 1 dx~\ 

dt 2n \_x+b dt x dt\ 

_ MLHL1 v= -MqMv 

In [>;(x + &)j 2 ?rj:(jc + i) 


Induced e.m.f.= 


Ihibh 
2nx(x + b) 


12. Consider a segment of rod of length dx, at a distance x from 
the wire, e.m.f. induced in the segment 


dt= -^-dxv 
2 7tx 


j 2nx 2n \ a ) 

a ' 


13. emf. = 0 

The equivalent circuit is 





/ = 


_ W v 


R + r 2 n(R + r) 


14. E M q + - £^2 corner —> 




= 100 



^j 2 + 



_ B<pi 2 
2 

= 5ruf 2 * - x 100 V = 75 V 
4 


15* e.m.f .pq — 0| e.m.f.^ — 


2 


So )/ 2 Sai / 2 

2 2 

- -\AM—11—■—11—VWV-* 

P C Q 

Fig.A3-$.21 

16. 
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For loop b\ 


= -t.2xi<r 3 


E-d's — -nr 2 X.—— 
dt 


= -rcf—) x8.5x 10 -3 

UooJ 


= -2.7 xIO -3 


For loop c\ 


jE-d?= 


dt 


= 71 


I? 32 - 3 ? 

(21.2V' 

i 

1 <=> 
° 

\ 100 J , 


x 8.5 XIO 


-3 




= 1.5x10“ 

3. = mag 

— \ 

= 3 (mag) 

It means field in b and c should be out of the page. 

jldT = o 

It means field in c will be opposite to that in e t i.e., into the page. 
dB 

4, -- 0.060 / 

dt 

„ r dB 

^at A ” 


2 dt 
0.020 


x 0.060 = 6*10^ V/m 


Here magnetic field is increasing with time, hence electric field 
will be in anticlock wise direction. 

5. a. At r = 0, C will act as a simple wire, so R and L both will be 
short-circuited. So, there is no current in R and L. 


A ” 0,V 2 = 0,/j= — 
r 

h, At / =° oo, L will act as a simple wire so, R and C will be 
short-circuited. 

/| ~ 0 , , 7j = 0 

r 

6. a . U= Pi = (200 W) (24 h/day x 3600 s/h) = 1.73 x 10 7 I 
b.U=^LI 2 =»L= = 2(I 1 73X 10 , - = 5406H 


= 30 v 
‘ a ‘ iooo n 

the switch. 


I 1 (80.0 A) 2 
0.Q30A = 30 mA, long after closing 


{ > 

b. i = 1^(1 - e " /(L/R) ) = 0.030 AM1 -e‘“- J 


= 0.0259 A 

V k = W = (1000 fl) (0.0259 A) = 26 V 
V L = e Bwteiy " Pr*30 V-26 V = 4.0 V 


(or could use V L - L — at / - 20 ps) 
dt 


C. 




8. a. T~ — = 2n-lLC = 2ffJ(1.50H)(6.00xl0' 5 F) 
o 

= 0.0596 s, 0)= 105 rad/s 

tx Q=CV~ (6.00X10~ S F)(12.0V) = 7.20X10~*C 

c. t/ 0 = jCV 2 = ~ (6.00X10" s F)(l2.0 V) 2 = 4.32xlO' 3 J 

d. At i = 0, q = Q cos(a>/ + 0) => = 0 

t = 0.030 s, q =■ Q cos (cut) 


= (7.20X10^0 

/ 

xcos 


0.0230 s 


\s[( 1.50 H)(6.00xl0~ 5 F)J 
= -5.43 * 10^ C 

Negative sign indicates that signs on plates are opposite 
to those at initials. 

e. t = 0.0230 s, i = ^=-(oQ sin(o/) 




7.20x10 C 


7(1.50 H)(6.00xl0“ s H) 
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X sin 


0.0230s 


7( 1.5 0 H) (6.00x10 _s H) y 


= -0.05 A 


Negative sign indicates positive charge flowing away 
from plate which had positive charge at the given time. 

r „ . rr q 7 tf^XlO^Q 2 

£ Capacitor: U c = — =--/- = 2.46x10 J 

c 2 C 2(6.00 xl O ' 5 F) 

Inductor: U, = - Li 2 = ^0-50H)(0.0499 A ) 2 
2 2 

= 1.87X10 -3 J 

9. At / = 0, inductor acts as open circuit: 


E -±- 




r 2 


Fig. A3-8.32 


• E ^ A 

a, = — =2 A 

*1 

b, 0 A 

c, 2 A 

d* ^ across resistor 
e. Kacross L= 10 V 


f. 


L^- = 10 
dt 

^ - —-2A/S 
dt 5 

At t = <*>, inductor acts as a conducting wire: 
s. 


Ri 


r 2 


Fig. A3-8.33 


a. /, = — = 2 A 
*1 


C -4v4(ch = / l + 7 2 = 3 A 

d. = 10 V 
* 2 

e. V L = 0 V 

f. Current in is not changing with time, so 


dt 


10 . a. b shall be at a higher potential 

£ 0 =/ 0 (/?,+/? 2 ) = 9*8 = 72V 

b/=/ 0 ^ ^ 

/through /?, 

/ 



I 



i! 

c. 7 — 9 ef <>- 4 


2xl0" 3 = 9 c 


- 20 / 


20 / 9x10 

e —- 


20/= In 4.5x10 


,= _ ln(4.5xl0 3 ) s 
.20 


11 . 10 - 4 /- 8 /. - —= 0 
1 dt 

A + W 

10-4/ -4 / 2 = 0 


/, 




/, +— - 21 

1 4 

4/ = 2/,+5 


10-27,-5-8/, = Q- 
1 1 dt 


dt = 


<//, 


5-10/, 


(0 

(ii) 


0 
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i. Time spent by the charge in magnetic field 
CD/ - 6 


qB n mB 

— / = 0 =*/ = — 


m qB 

ii. Distance travelled by the charge in magnetic field 

= r(20)= — x2<9 
qB 

liL Impulse = change in momentum of the charge 
(-mvsinOl + mvcosdj) -(mvsinfl? + mvcos0 j) 

® -2mvsm6i 

. , . _ A A r, n r, ft 5/r ctB 

4. i. In-26 — 2/r-2x — = 2/r-= — =0)/= — 

6 3 3 m 




5 nm 
3 qB 


5izr 

il. Distance travelled s^r(2iz-26)= - 

3 


X X X X X 

X 



- 3 * 


Hi. Impulse = charge in linear momentum 

= m(-vsin0/+ vcosfly) 

-/n(vsin0/ + vcos0 j) 

= -2mvs\n0l = -2mvsin —i = -mvj 
6 

5. i. d> —means d>R 
qB 

_ T_ _ ftm 
2 qB 



Ii. sin0 = 


d_ 

R 


$- SLfl " 1 




Fig. A3-9.4 


6 . 


A m . -i 

0>/= 0 =w= — sin 

9* 


The path of the paiticle will be circular. Larger the velocity, 
larger will be the radius. 

For panicle not to strike, R < d 


mv 

~qB 


<d 


=> v < 


qBd 

m 



For limiting case, 




Fig- A3-9.6 

R ; d 

/. Coordinate = (-2d, 0,0) 

7. 1. True, ii. True, ili.True, iv. False 

Sol. Force exerted by the magnetic field is in the plane of 
spiral. Direction of magnetic field is always normal to both 
the velocity vector and direction of force. It means magnetic 
field is normal to plane of the spiral. Hence (a) is correct. 


/ 
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Fig. A3-9.7 

Since the particle experiences a resistance against its 
motion, therefore its speed decreases continuously. Radius 
of the circular path followed by a charged particle moving in 
a magnetic field is given by R = mv/qB. Since v is 
continuously decreasing, therefore radius R also decreases 
continuously. Hence, a charged panicle should follow a 
spiral path of decreasing radius. Hence ihe particle enters the 
magnetic field at Q . Hence (b) is correct. 

Force experienced by the particle is towards the centre and 
direction of the force is found by Fleming's left hand rule. 
Since magnetic field is outwards, therefore according to 
Fleming's left hand rule, the direction of current associated 
with its motion should be as shown in Fig. A3-9.7. Since the 
particle is moving in the same direction, therefore the 
particle is positively charged. 

Hence (c) is conect. Obviously (d) is wrong. 

8. i. True, i), True, iii. False, iv. True 

Period of revolution of a charged particle moving in a 

uniform magnetic field is given by T— ■ 

This period T does not depend upon speed of the particle. In 
this particular question, the moving particle is an Electron. 
Hence its mass and charge (q) both are constant. Magnetic 
field is also uniform. Hence, its period of revolution remains 
constant. It means electron moves with a constant angular 
velocity. Hence (i) is correct 

In previous question we have already discussed that if a 
charged particle experiences a resisting force against motion 
then it follows a decreasing radius spiral path. In this 
question, electron is moving along a spiral path of decreasing 
radius. It means its speed is decreasing continuously. Hence 
(ii) is correct. 

Since the speed of the electron is countinuously decreasing, 
therefore it is experiencing a tangential retardation. It is 
possible only when the componant of resultant force opposite 
to the direction of motion of electron has non-zero value. It 
means, net force on electron cannot be perpendicular to its 
direction of motion. Hence (iii) is wrong. 

Since the speed of the electron is decreasing continuously, 
therefore the force exerted by the magnetic field (F = qvB) is 
also decreasing continuously. Hence, magnitude of net force 
acting on the electron is decreasing continuously. 

Hence (iv) is correct. 


9. a. True, b. False, c. True 

A uniform magnetic field B and a uniform electric field E 
exist perpendicular to each other and the particle moves along 
a direction perpendicular to both these fields, then forces 
exerted by these two fields may be opposite to each other. If 
magnitudes of these forces are equal, then the resultant force 
on the particle will becomes equal to zero. 

Hence, the particle will move with constant velocity. Hence 
(a) is correct. Obviously (b) is wrong. 

If E is equal to 2ero then the particle will experience a force 
due to magnetic field alone. But the force exerted by the 
magnetic field is always peipendicular to the direction of its 
motion. Hence, no power is associated with this force. In 
other words, no work is done by the magnetic field on the 
particle. Therefore, K.E. of the particle will remain constant. 
Hence (c) is correct. 


in . 3/wv 2 3m\r 

10. }. -,h.-, iii. zero 

4 a 4 a 


In going from P to Q> increase in kinetic energy 


1 > l n 

= —m (2v) —mv 

2 2 



= work done by the electric field 


— mv 
2 


Eqx2a otE- - 


mv 2 ^ 

i ^) 


The rate of work done by E at P — force due to E x velocity 
= (qE)v - qv 


3 (mv 1 

_ 3 

( 

mv 

, 4 l W 

4 

l * J 


A tq, v is perpendicular to E and B y and no work is done by 
either field. 

11 . 

a. F = qv x B = qB z [v x {i x k) + v y (j x k) 

+ v z {kx £)] ^ qB x [v x (-)) + v y (j)] 

Set this equal to the given value of F to obtain 

F y = (7.40 xl(T 7 N) 

^ -qB 2 -(-5.60X10 -9 C)(-1.25T) 


= -106 m/s 




_ r* 


-(3.40X10“ 7 N) 


qB z (—5.60X 10 C)(-1.25T) 
= -48.6 m/s 

b. The value of v A is indeterminate. 

, Vf - 

e= 9o° 
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MV 

eB 


1 eB 

1 = r sin <p => sm 0 - - = — 
r mv 

y-component of the velocity is v sin B. 

Hence y-component of momentum js Afv sin 6-eB 


24. d — (y oos0) T= (vcos0) 


2nm 


where 


1 


AV~± m v 
2 


qB 

2 


V ~ 


2AV 


m 


Putting the value, we get B = 

Exercise 9.2 


2 nm 


qd 


( * 
, - COS0 

VV M J 


1. The situation is shown in the figure provided. The magnetic 

field at the site of dt due to the first wire is B— . 

2 nl 

This field is perpendicular to tlic plane of the figure going 
into it. The magnetic force on the length dl is 

dF = / 2 dt B sin 90° - Wl ' 2 ^ 

2 Ini 

Tliis force is parallel to the current 

2. Suppose the field and the current have directions as shown in 
the figure provided. 

The force on PQ is 

F = UxB 

or F, -5.0 Ax )0cmx2.0T = LON 

The rule of vector product shows that the Force F x js 
perpendicular to PQ and is directed towards the inside of the 
triangle. . ■ _ 

The forces F 2 and F 3 on QR and RP can also be obtained 
similarly. Both the forces are 1.0 N directed perpendicularly 
to the respective sides and towards ihc inside of the triangle. 

The three forces F lt F 2 and will have zero resultant, so 
that there is no net magnetic force on the triangle. This result 
can be generalised. Any closed current loop, placed in a 
homogeneous magnetic field, docs not experience a net 
magnetic force. 

3. a. The force on the wire due to (he magnetic field is 

F - ilxB or F = itB 

It acts towards right in the given figure provided. If the 
wire does not slide on the rails, the force of friction by the 
rails should be equal to F. If jU 0 bethe minimum coefficient 
of friction which can prevent sliding, this force is also 
equal to /i 0 mg. Thus, 


/i 0 Mg= itB or/t 0 = 


UB 

mg 


U<\ itB 

h If the friction coefficient is /i = — --, the wire will 

2 2 mg 

slide towards right. The frictional force by the rails is 
UB 

f= fimg - — towards left 

. * . j . _ UB itB . . . 

The resultant force is i tB —— *= — towards right, The 


itB 

acceleration will be a = — . The wire will slide towards 
2 m 

right with this acceleration. 

4. The wire is equivalent to 


a 


/ 

2 R 

Fig. A3-9.10 

v 6- 0, F ks =0 > 

Forces on individual parts are marked in Fig. 9.11 by ® and 
O . By symmetry there will be pair of forces forming couples. 




S. F ncll -12R a. The wire is equivalent to 


P 2R Q 



Fig, A3-9.12 

Force on each element is radially outward, T c = 0 
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Torque about point P= %p -j [i(Rd$)Bsm9Q°)Rs\n9 


= 2IBR 

F„-ML* (-i) + MLa(i) = 

2 kq 2k( 2a) 4 k 

7. We have for mid-air suspension, 

mg - i£B 


it 2X1.5 

8. The net force from A to B is dF - J(dL x B) 


u r 

J dF = \l[dI A y.B}+\l[d~L 2 xB] 


A A 

R 


P 

T 


+ \l{di i y.B] + \l[di^B] 
Q R 


B 

+ flldLsXB] 

T 

The entire path can be broken down into elemental vectors 
joined to each other in sequence. We know, from polygon 
law of addition of vectors, that vector joining the tail of the 
first vector to the head of the last vector is the resultant. 

F = 7(Z x B) 

where j L\ = a + \lc 7 -b 2 +2 r+d 

F na = IB(a + \lc 7 - b 1 + 2 r + d) and its 
direction is upwards on the plane of paper. 

9. F = l'txB 

F= /&Bsin0 

a. When the current is flowing from east to west, 

6= 90° 


Hence F= I£B~ (IA)(lm)(3xl0~ 5 T) 

The direction of the force is downwards. This direction 
may be obtained by either Fleming's left hand rule or the 
directional property of cross product of vectors, 
b. When the current is flowing from south to north, 

<9=0 6 => F= 0 

Hence, there is no force per unit length on the conductor. 



kx\ 


fai kx 


kx 


n 


mg i I UB 


mg 


Fig. A3-9.13 


Magnetic force 


= UBsln — 

2 

= 2x5xl0 -2 xB= — 
10 


2 kx { = mg; 2k 


mg 


2 kx = mg+ltB 
2k(x { +x 2 ) - mg+KB 
2fcC| -\-lkx 2 ~ mgArltB 


- 0.3 B 

O.lOxlO -3 xlOx—= — 

0.5 10 

B= 600xlO" 3 =0.6T 

11. Consider a thin strip at a distance x and of the ihicknes 
dx. It is equivalent to a long straight conductor canyin, 
(J 2 dxlb) current 

x /Adi I'ydx /A.e\l\I 2 dx 
dF (force of attraction) = —^-x——- 0 x — 

2 nx b 2 Kb x 

f= VoLIl ? . /W2 in a+ ^ 

2nb ^ x 2Kb b 

X 


12 . 


a. 



B = 0.75 (A) 

F& = Bll = 0.75 x 6 x40 x 10~ 2 


10 . 
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F ab = 1.8 N . , 

=> Kb = 18 (-J) 

h Fbc = Fbd + F<tc 

= Bj{bd)j+Bl(dc)i 
= O^xe^-TJcosSS^y+^sinSO 0 /] 

= 1 * 8 (i _ 'y)> +0 ' 9 ^ n 

C. Fco = Fcd+Fda 

= -0.9 i+0.9s/3 j 

We can see that net force is zero on the loop. 



Fig. A3-9.15 

13. As dx and B are parallel, 

dF= IdxxB = 0 

^nc«=0 

14. Fig. A3-9.16.Let F 0 = qvB y then: 

F a = F$ in the - k direction 
F b = F 0 in the + j direction 

F c - 0, since magnetic field and velocity 
are parallel 

F d = F 0 sin 45° in the - j direction 
F & - F 0 in the - (j + k) direction 



15. For a charge with velocity 

V = (8.00X10 6 m/s )j, 

the magnetic field produced at a position away from the 

. . . - Ur. qv x r 

particle is B — ——-—. 

K ■ 4k r 2 


sl r= ( +0.500 m)i 0 x r = r 0 2 = j 


B = -—^-k 

4ft r } 


= (6.0X10^ C)(8.QX10 6 m/s) . 

” 4 it (0.50 m) 2 

= -(1.92 x 10 -s T)fc = - B 0 k 
h r~— (-0.500 m)j => vxr =0 => 5=0 

„ „ . , 1 

16. a. 7 = (0.500 m)^ => v xr = +/, >" 0 ‘= - 

4 

D _ .A) ? v ■ _ »; 

" + TrT ; ~ 

4 *>o 


b. r = -(0.500 m)j + (0.500 m)k 

? 2 1 -) 
v x r = -i, r = - = 2r c 


B n 


b = = + 


5 a/ 


4ftr 2 ^2 2 V 2 2^/2 


17. a . F = I l*bxB = I(I ab B)j x i 

= - (6.58 A) (0.750 m) (0.860 T) i 
= (-4.24 N)i 

'(?-*). 


b . F = I IbcXB = I(l bc B) 


fl 


■XI 


c. F = 11cJxB - I(l^B) 


= - (6.58 A)(0.750 m)(0.860 T) j 
= (-4.24 N) j 

(*-./). 


V2 


■ x i 


= -(6.58A)(0.750m)(0.860T)[y>it] 

=> F = (4.24 N) [./ + £] 

d F = /?* x5 = 5*5 [-Ax /] 

= - (6.58 A)(0.750 m)(0.860T)j 
= (-4.24 N)j 

e. F = / ?*/ x 5 = I(l e/ B)(-i) x / = 0 

f. Summing all the forces in parts (a)-(e), we have 


5* total = (^4.24 N)y 
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18. a. 

P = t*ohhL 
2k r 

_ ^(5.00 A) (2.00 A) (l.20m) 

2^(0.400 w) 

= 6.00*10^ N 

The force is repulsive since the currents are in opposite 
directions. 

b. Doubling the currents makes the force increase by a factor 
of 4 to 

F= 2.40 x 10 -5 N 

19. In order to use equation F = /fxft,wc would need to find 

the angle between t and B We avoid this task by using unit 
vector notation. From the figure provided, we see that 



where the minus sign indicates that gravity tends to turn the 
frame in the direction of decreasing 0 . We have let A denote 
the mass per unit length of the wire. In equilibrium, the 
torques evaluated in equations (ii) and (iii) must cancel, 

which implies that tan 6= (Bl)/(2Xg). 


- * a 

£ = ai - aj + ak 

Thus, the force \s F - li'X B - JaB (/ - j + k) x(y) 

- IaD(-i+k) 

The force lies in the xz plane and has a magnitude 
F= -JllaB - 0.85N 

20. Magnetic force is along the positive x-axis. If motion is to 
occur along the incline, ^ F = 0: IL | B y | cos 37° 

= mg sin37° from which 

mg tan 37° = (Q.050)(9.8)(0.7 5) 
L\B y \ (0.40)(0.20) 

= 4.6 A 

21. Referring to the figure in question, we note that the magnetic 
forces on (he slanting sides are parallel to AC and therefore 
do not produce any torque about the axis AC. The magnetic 
force on the horizontal side of the frame is 

^mag -UxB (i) 

This force has magnitude F^ -iLB&in 90° = iLB and points 

horizontally to the right on this plane of this figure, 
perpendicular to L and B. The magnetic torque about AC has 
magnitude 

r„,= lLB {Leas9) = iL 2 Bcos9 (jj) 

and tends to increase the angle ft The gravitational torque 
about the axis AC is 


Substituting the data, we obtain 0= tan" 

22. F=IdB 


r Bi 

g 


a = 


m 


v 2 = 2 aL = 


UdBL 


m 


-I 


2/d BL 


23. Model the two wires as straighVparallel wires. 


a.F„ = 


2 KQ 




(4jt xiq- 7 )(I40) 2 (2^)(0. 100) 
2jr(].00XlCT 3 ) 


T g = ~[(XL)g(Lsin9)+2(XL)] 


= 2.46 N upward 


8 


Qisindj 


(iii) 


2.46 N - - 

h a kc = -= 107 m/s 2 upward 

^loop 
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*. ii a 2 y v /D-f 

24 . — — —^- 2 - =mg 
4 K r * 


where 


r~ 2.5 cm 


m~ (0.100g/cm)£ 


25. Net force on circular parts will be zero because magnetic field 
produced by /) on these parts will be tangent at any point 
On straight parts l forces will be in same direction. 


Net force = 2 — L 

\_4k R J 


it R 


Exercise 93 

1. 90°: NIAB $m (90°) = N1AB 

Direction: kx]= -i, U= ~Np£ cos0 =0 

h <p= 0°: T= 7/747? $in(0) = 0* no direction* 

U= -NfiB cos0 = -NJAB 
c. 0=90°: T= N1AB sin(90°) -7/7/47? 

Direction: -kx ) = U- -NjiB cos</> -0 
d 0= 180°: 1=N1AB sin( 180°) = 0,110 direction*- 
U= -NyBcosip --NIAB 


2. Magnitude of dipole moment 



= 7/4 = 


7/ 2 


Direction of magnetic moment is found by right hand rule. 



To find unit vector of magnetic dipole moment, it is easier to 
make a two-dimensional view. 

Direction of unit vector of magnetic moment: 


M = cos30 o (W)+sm30°C/) 
73 * 1 ^ 

=- -i + — /' 

2 2 7 


-> Jr , a * 
M - — (-3i+y) 



Fig. A3-9.20 

The right hand rule determines the direction of the magnetic 
moment of a current carrying loop. This is also the direction 
of the loop's area vector. 

• Sometimes a current carrying loop does not lie in a single 
plane. 

• But by assuming two equal and opposite currents in one 
branch (which obviously makes no change in the given 
circuit) two (or more) closed loops are completed in 
different planes. 

• Now the net magnetic moment of the given loop is the 
vector sum of individual loops. 

3. Magnetic moment of the loop 


M 


IA = 4.0x20x10x10"* 


M 


= 8X10 -2 Am 2 


For direction: 



Fig. A3-9.21 

Unit vector in the direction of magnetic moment 
M = cos60 °j -cos30 k 




M = 


M 


M = 4 X10 _2 (y' ~\/3k) Am 2 


4. The given loop may be considered as the superposition of 
the two loops* as shown in the figure. 

kR}I jiRZi 


The resultant dipole moment is M = 




2 


2 
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M= y(/?, J (inwards) 


l 



Fig. A3-9.22 



The directions of angular momentum and magnetic dipole 
moment are opposite to each other. 


5. Join additional wires at AHp nd DF carring same current in 
opposite directions. It will not affect the overall loop. Loop 
ABGM and DCEF will cancel as their magnetic moment is in 
opposite directions. 


y 



a. Net magnetic moment of the loop = Magnetic moment of 
ADFH=-I?t = I Am I 2 * 

b. B=Bj 

i- mxB = -it 2 lxBj 
= -il*Bk=Bk14m 

6. Let v be the speed of the electron and r the radius of its orbit. 
The orbiting electron creates an electric current opposite to 
the velocity. The current is the charge that passes any given 
point along the circumferential path during one second. Thus 
current is charge e times the frequency n of the orbital 
motion. 


e 


ev 


I = ev = — = 

T Inr 

The magnitude of magnetic moment, 

e\> 2 evr 

u = IA =- nr “ — 

2 nr 2 4 

The direction of the magnetic dipole moment is perpendicular 
to the loop from right hand thumb rule. 

The orbital angular momentum Z orbit = r X p 


l4rt.nl = 'T'sin 90° = mvr 

The direction of the orbital angular momentum is determined 
from the vector product right hand rule. 



7. We can visualize the rod to consist of differential elements 
dQ , which constitute a series of concentric current loops. The 
charge per unit length of the rod is X, 



A 

So the charge on a differential element of length dl t 
dq = X dt 

The current dl due to rotation of this charge is given by 


dl = 


(2 ni<o) 


- SL dq , S-xde 

2 n 2 ic 




+ + + + + + w&im + + + + + 


Total charge = Q 


Plvol 


Fig, A3-9.25 

The magnetic moment of this differential current loop, 


dfjL^ dl(fi £ 2 ) 





To find total magnetic moment, we integrate 
a>XtL ql ,„ 

u- — t dt = —— 
2 Jo 6 


Substituting for A, we obtain pi— 

6 

8- The magnetic dipole moment of the current carrying coil is 
given by M = NJAn 

= 100x0.5x0.08x0.04 / 

= 1.6 x 10 -2 Am 2 
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The torque acting on the coil is f = M xB 

= M(ixj) 

= ].6xi(T 2 x^j^* 

= 5.66 xi O' 4 CNm)A : 

9. a. From Fig. A3-9.26 (b) we see that the unit vector normal to 
loop 


11. The magnetic moment of the loop is in the positive z-direction 
(right hand thumb rule). 

a. The magnetic moment of the loop is given by 
fi = NIAk = (12)(3)(0.40) 2 /f 
= 5.76Am 2 * 


h, The torque on the current loop is given by 

T = H x5 = (5.76*)x(0.3/+0.4*) 


n = -sin37°/ + cos37°y = -Q,6/'+0.8y 



FJg.A3-9.26 
The magnetic moment is 

//= ^w = (5)(2)(0.2) 2 M.6/+0.8j) 

= -0,24 ? + 0.32 j Am 2 

h The torque, = (-0.24/ + 0.327) x (0.5 y) 

= -0.12^ Nm 

c. The potential energyofthe loop is cos BwhtrtfU 

= NIA = 0.4 Am 2 and the position of minimum energy is 6 
=0. 

Thus, the external work, fV al = + A U> needed to rotate it 
to the given orientation, is given by 

U f -U t - {-pB cos37°)- (-{iBcos 0°) 

= (0.4) (0.5) (1-0.8) = 0.04 J 

The external work is positive since the dipole moment is 
rotated away from alignment with the field. 

10. The loop will start to lift off when the magnetic torque equals 
the gravitational torque as shown in Fig. A3-9.27 

The magnetic torque acting on the loop, x m = j uB= inR 2 8. 
The gravitational torque exerted on the loop, = mgR. 

B 



=■ 1.73 Nm; 

c. The potential energy is the negative dot product of 
jl and B ; 

= -(5.76*)-(0.3?+0.4*) 

=* -2.30 J 

12. The normal to the loop OP makes an angled 5 60° with the+A - 
direction, the field direction. Hence, 

T= NIABslnO 

= (1)04^X25X10^ m 2 ) . 

(0.03 T) sin 60° 

= 2.9*10" 3 Nm 

The right hand rule shows that the loop will rotate about the 
y- axis, so as to decrease the angle labelled 60*. 

13. a. x =pB =nb 2 IB, directed out of the page, so that the loop 

starts to rotate, decreasing the tension in cord 2 by an 
amount AT. But taking torques about>4, obtain L A7 1 - pB % 
so AT = (nb 2 18)/L t and thus 7 1 , = T a = + AT and T 2 = 
T 0 —AT. 

lx Since // x B = 0, the tensions are the same as in the absence 
of a field. 

14. Torque on the loop must be equal to the gravitational 
torque exerted about an axis tangent to the loop. The 
gravitational torque = mgr, while magnetic torque 

-\pixB \ = p. B sin 90°^ nr 1 IB. Equating gives 

Only B x causes a torque, so /= (mg)l(nrB x ). 

15. Torque is flXB = lxr 2 (±k)x B = lKr 2 (±k)x(Bj + B y ))} 

— ±7tr 2 l (BJ - D y l). The ± arises since current can circulate 
in either direction. 

16. M=NIab 



B => 0.800 T 


I 


<u> 

Fig. A3-9.27 


Fig. A3-9.28 
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T= A/Ssin(90 + 60°); 

= NlabBsmlSO* 

1 

= 100xl.2x0.4x0.3x0.8x- 

2 

= 5.76 Nm 

Torque will be about negative _y-axis. 

17. Tjnax ~mB - IAB 

= lnr x B 

= 5X^X(0.8) 2 X3X10 -3 
= 375 wxlO“ 7 Nm 

U mM =+MB,U^= -M-B 

Exercise 9.4 

1»L a. Magnetic field due to the upper branch will cancel out that 
due to the lower branch and will be zero at centre. 



Fig» A3-9.29 

b. Magnetic field due to the upper branch will cancel out 
the magnetic field due to the lower branch. 



Fig.A3-9J0 

IL Magnetic field due to each pair o f wire wi 11 cancel out. Net 
magnetic field will be zero. 



2s i. 



Fig. A3-9.32 

Magnetic field due to straight wires = 0. 

Magnetic field due to a semicircular wire 

o = HsL( JL) = £L( jl) 

semicircular 2R [ 2jl ) 2 R{2n j 

or fi = tsL 

UI ^semicircular ^ 

The direction can be verified from the right hand rule that 
will be downward into the plane of the page. 



Fig. A3-9.33 

Magnetic field due to straight wire 1-2 will be 2ero as its 
direction is passing through centre of the circular wire. 
Magnetic field due to circular part 



2r{ 2n ) 

R - W « 

^Circular 

Magnetic field due to semi-infinite wire 3, 4, 

5slraich ‘ = M ® 

Net magnetic field at O 



8 R An R 


B n = 


= Bbi 

AR 


3 1 

— H- 

2 K 



Fig. A3-9.34 
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Magnetic field at O 


$0 ^circle "^^slraight 

2 R 2 kR 

B= Mfl + l)o 

2R V n) 


IV. 



The magnetic field due to straight wires will be zero. 
Magnetic field due to circular part 

n = = ±h>l( (V2)n ) ■ 

circular 2R [ 2n ) 2R [ ^ J 

= W 0 

8.R 

Magnetic field at the centre of an arc is given by 

V 



/ 


Fig.A3-9.36 

5=^x1 

l 2 R In 

Magnetic field due to the smaller arc, 

Eolix — 

2 r 2 n 

Magnetic field due to the larger arc, 


B, = 


2 r 

Resultant magnetic field 


a, = 


2K 


■P 


4?rr . 


(*) (0 


Two arcs form a parallel combination of resistors. 

Thus 1,R, - I 2 ^- 2 > where R, and R 2 are resistances of 
respective segments. As the wire is uniform, 


A 


h. = ™ 

Li R{2n-6) 


Thus, 


'] _ 


} { e 


(2n-d)’ 12 2 n-Q 


On substituting I 2 in equation (i), we get 

^ 4 nr 4nr ) 

Hence the field is independent of 0. 

4* 4 nR) 

= 

2*U 2) 

vi. Magnetic field at the centre of an arc is given by 



— p 0 I 
B = ^-x 
* 2 R 2k 


6 


a) 


(ii) 


Magnetic field due to a smaller arc, 

5. = M x A(4) 

2 r 2n 

Magnetic field due to a larger arc, 

1 2 r 2 k 

Resultant magnetic field 

VohQ + Vo 1 ! ( 2 tt - 0 ) 

_ 4Kr 4Kr 

Two arcs form a parallel combination of resistors. 

Thus I ] R ] = I 2 R 2 > where R } and R 2 are resistances or 
respective segments* 

As the wire is uniform. 


(i) 


A = 

R 


Rd 


Thus, 


h 


2 L 2 R(2k-6) 

0 , 1,0 


;>h=- 


(2 n-0)'~ L 2n-6 


(ii) 


On substituting/, in equation (i), we get 

4 Kr 4 nr ) 

Hence the field is independent of q. 

3. It is clear that L B y at l C* due all the wires is directed 0* Also B 
at ‘C 7 du ePQ and SR is same. 

Also the magnetic field due to QR and PS is same 

































2(B P q + B SP ) 


B P q = -^L (sin 60" + sin 60") 


4 *f 


r ~ w 

B SP~ 


An 


Sa 


(sin 30" + sin 30°) 


5 r „=2 


4^H 0 i 


o* ,_iV 


2 na 2na%B 


4 W~ 

JiTta 


4. The current will be equally divided at A. The fields at the 
centre due to the currents in the wires AB and DC will be 
equal in magnitude and opposite in direction. The resultant 

J ' of these two fields will be zero. Similarly, the resultant of the 
fields due to the wires AD and BC will be zero. Hence, the^ 
net field at the centre will be zero. 

5. i. Letuscall B due to (1) and (2) as B { and respectively. 

At A y 2?| is g and B 2 * s ® 


B 


B„ 




Mp/ 


and B 7 - 
2 na 2n2a 

■B,-B 2= G 

1 2 4 na 


At C i B i is <S> and B 2 is also < 


B ^ Bl + Bl= hE + M. 

2 2n— 2n~ 

2 2 

na 

At Dy By is ® and B 2 is © and both are equal in magnitude. 
B res = 0 

ii. [£ is clear from the above solution that B = 0 at point C D\ 
6. Let magnetic field due to W , be By and that due to W 2 be B 2 . 
By symmetry, 


|5,f*= |fl 2 | = 5 

B = 2B cos 60“ = 5= 
p 2n2a 4na 


y 
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■ * M 


Now, 


Ana 



VoL B ikl 

2n4la' 2 2na 



tan d — 


\ha 

~2a 


2 


B = (S, cos 0/) + (B 2 ~B l sin 8)1 



ifo i ■ ! [ He’ Ml ) -■ 
Sna J \2nSa 10/r a ) J 


* * 
cos 9^ —= 

41 . 

7. To find at *P y the sheet can be considered as collection of 
large number of infinitely long wires. Take a long wire 
distance V from and of width *dx y . Due to this the 
magnetic field at ‘ P > is l dB y 



2 nx 

due to each such wire will be directed inwards 



2 nw 


a+w . r 

r 

^ x 2 nw 



a 

a 


Fig. A3-9.38 


i 
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8. As the solenoids are identical, the currents inland R will be 
the same and will be half the current in P, The magnetic field 
within a splenoid is given by B - p 0 ni. Hence the field in Q 
will be equal to the field in R and will be half the field in T\ 
Le., LOT. 

9. Assume PO = a:, so PQ = * sin (a/2) 

Magnetic field B at Pd ue to either segment of wire is 


5 = 


/V 


47r„Ysin(a/2) 
Net magnetic field at P is 

B =-^_ 

ncl 2;rjcsin(a/2) 


. a 

1 + cos ■— 
2 


[l + cos(a/2)] 


10. From the figure in question, B 0 = B ab + B gCD + B DF 

0 {4nRJ [4R 4 kR} 

(tiq 

11. Current in the ring/ = — 

b 2n 

Magnetic field B = 

2 r 2nx2r 

4ky 

12. Choose a circular path centred on the conductor’s axis and 
apply Ampere’s law. 

i. To find the current through the area enclosed by the path 
ldA = (Kr 2 )(2nrdr) 


1= Kj In? dr = 


nKr* 


Since 


= => B2nr = fi 0 

1 


nKr 


ii. 1 fr>a y then net current through the Amperian loop is 


I' = j K?2nrdr = 


nKa* 


PtKa* 


Therefore / ' B = 

7^ + / 4 r 

13. ConsiderFig. A3-9.41 

~ B P = (*i)/(H + (H +( * 4)/ ‘ + (* 5 >' > 


where 




/V 


*(t) 


( -j) (semi-infinite wire) 


14. 



(h) P = -77^ (+k) 




(Bi) P =0 

= -TTx(--t) =>(%),- 


= _/V_ 

4>r( 


(f) +) 


S 

, 3;ra 



Fig. A3-9.42 


Unit vector of u g : 


= /cos (90-0) + ycosO 
= sin#/ +cos0 y 
5 5 


sin0 = 


COS0 = 


yjs 2 + \2 2 

13 

12 

_ 12 

'Js 2 +12 J 

13 

5 ; 12 « 
— / + — y 

13 13 

= — (5i+l2j) 
13 J 


15. The magnetic fields at the given points affc^ " 

/ dl sin 0 
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_ ;i 0 (200 A) (0.000100 m) 

~ (0.100 m) 2 

= 2.00 x 10 -6 T 

Jt> _ Mo 1 81 sin 8 
~ ~ "5 

4k r 2 

^ jt 0 (200 A) (0.000100 m) sin 

Arc 2(0.100 m) 2 

= 0.705 x 10 -6 T 

fi 0 I dl sin 0 
do, - -x- 


_ /< 0 (200 A) (0.000100 m) 

” 4* (0.100 mf 

= 2.00xio -6 T 



Fig. A3-9.43 

JD _ /'0 1 81 S ' n 8 
A 7 

4n 

_ /i 0 (200 A) (0.00100 m) 72 

” 4a 3(0.100 m) 2 73 

= 0.545 X lO' 6 T 

16. The contributions from the straight segments is zero since 
dl x r =0 

The magnetic field from the curved wire is just one quarter of 
a full loop: 



and is out of the page. 

17. At the centre of the circular loop the current I 2 generates a 
magnetic field that is into the page. So the current 7, must 
point to the right. For complete cancellation the two fields 
must have the same magnitude 

A _ Moh 

2nD 2R 

kD , 

Thus /| = —1 2 

18. Let current flowing through coif) be and that through coil 
2 be is. 



Radius of each coil = R. Hence, magnetic field at O due to coi I 
1 is 


a, = 

1 2 R 


and magnetic field at O due to coil 2 is 


*2 


1R J 


Therefore, net magnetic field B = B x + B 2 


B 


/Vi j + /V 2 j 
2 R 2 R J 




19. B mi = 45cos45°= 4=~ 

' 72 2 nr 

272/ifi 5 
2 /r 72 xl 0 ' ! m 


B na = 2xiO- 5 7(-j) 


2 -—/S) 3 



+ 2 B^ cos 9 



x 


Fig. A3-9.45 
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20. Given, B = 2X 10“ 3 T 

Now, direction of B due to the wire is C in the left half and 
<S> in the right half. 

jff net = 0 in the left half 

|5 wire |“ |£| in theplane 


AplO 
2 nr 


= 2X)0 _3 T 


X X 


X X 

®B * 

Fig. A3-9.46 

4xl0 -7 x5 - 

r ;r x 2 x I0 -3 
= 10' J m 

Thus magnetic field is zero at /■= J mm to the left of the wire in 
the indicated >>z plane,. 


x x Z I 
/* 10 A 

'*- * / y 

p X , 

x x 


21 . 




I I = — 

At P and R> the field due to vertical part is zero and the points 
are equidistant from the horizontal wire. Similarly, the points 
S and Q are equidistant from the vertical wire and field due 
to horizontal wire is zero. 


Hence 




\B f \ = \Bq\ = |5,| = |5,| = ^ 


22. 5 , = 2Bcos0= 2x^^-cos0 


2 nr 



Let 

r= —-— and 0- 90 - ^ 

2cos0 

Then 

B m =~-cosdcos(90-6) 


n ~2 


5nc( “ -^-cos^sin 6(J) towardsright 
ttP 


23. Magnetic field at point P due to part AD - - magneiic fieh 
due to part BC 

^ &AD ~ ~^BC 

=> Bad + %bc = 0 



Fig. A3-9.4 8 
\ 

®-“’5^ (sin8 '' tsinei)G 


= W 
2na 


' all a/2 } 
5/4 as[5/4 j 


u G i ^ a 4 

= -^x2x-x-;= © « ,1 -© 


2na 


2 >/5^ 






o 


00 471 (3a/4) 


(sindj +sin0,,)® 


/Ui/2) „ a 4 

= ^—-x2x-x- 7 =< 

3®a 2 


_ 2^ 0 / Q _ 4V13av 
3\f[2iza 39 na 


<8> 


- _ v/5x2/i 0 j 2s/i3 W - 

S "“ ' 5jro G+_ 39*ra~ 


= w 

na 


,75 3713 J G 


24. Let us consider a point Pat a distance (jr,^) from the wire 1. 
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00 



d 



i 

st 

I 

d/2- 

‘ (d-x) 


<D 


Hence 


Fig. A3-9.49 
0<x <d 

- W *• 


5i = 


2k x ' 


The point is at a distance d-x from wire 2. 

/V * 


S * 2tc (rf - jc) 


- 5, + 


/'o' 




//o' 


2otx 2 n{d — x)~ 

2** (</-*) 7 

25. Magnetic field at Q: 

As any segment of wire is considered as infinite, 


Q; 

P T 

■ i > 

i 

R J 

P 

• 

i 

i ; 
1— 

2 


Fig. A3-9.50 


5 _ /'q/ 

L 2kR 

(The wire segments (2), ,(3) and (4) are considered at large 
distances fromP) 

Magnetic field at P: 

The magnetic fields due to segments (2) and (3) get cancel led 
and the field due to segment (4) will be zero. Hence magnetic 
field at P will be due to semi-infinite segment (1). 


B r . 


^ /V 

4 nR 


26. Magnetic field at O due to wire 1 is 
5 _ AoL~ 




4nR 


and that due to wire 2 is 


s 2 = -^ 

4 nR 


8 = 5, +B 2 = -^-G 
1 2 2nR 



Magnetic field at the centre due to circular arc subtending 
angle 0at the centre is given by 



^ = /V(A| _ 1 = A 

2 kR 2R\2n) n lit 
=> 6-2 rad 

27* Suppose wire carries current /, and in the same direction as 
that of the pipe. 


Magnetic field at the centre of (he pipe : 


Wl JVj/ ;) 
GkR J GkR K J) 



fig. A3-9.52 


Magnetic field at point P; 


/'o'o - ■_ M; _ f Uq/q /y, ) J 

2k(2R) J 2 kR J { 4 „R 2 krY 

■ Now magnitudes are equal: 

M = A'p'o /'q'i ^3/q 

6*/? 4/r/? 2a-/? ^ 1 8 

28, For magnetic field to be zero at P, 



Fig, A3-9.53 


B r - 0; 2^ cos# = B 2 

2 /V .V _ /V 

2n-Ja 2 + y 2 +y 2 2,r> ' 

=> y= ±a 


Fig.A3-9.51 











































A3.58 Physics for IIT-JEE: Electricity and Magnetism 




47T y?| 

4/r 


* 1 1 " 

-—i- 

4tt 

R 2 _ 




30.5-—— (sin 0 } + sin $ 2 ) 
An d 


I 



^ [0 + sin 45 °] + ^ [sin 45 ° 
4nH Ant 


+sin 45°]+^^-[0+sin 45° ] 
4n ( 


1 



© 


i i 


Fig. A3-9.55 


14.i = 


jv_ 

■JljiZ 


Case II: 


-2*r = 4/? 


=> ;■ = 


2£ 


Magnetic field at the centre of semicircle, 


Here, 


d = /-sin 45 °- -^= 

n/2 


B. 


scm icirdc 


Mpj _ MoJ± 

4/- 8£ 




A*9 


(tj) 

= 2v/2-^-f 

4 jt 


(sin 45°+sin 90°) 




+ 1 


= ^--(n/2 + 1) 
2# >■ 


It « = ^0 2g/(2r) 2 

31 ‘ ' /lfr r/^2 , j2 n 3/2 > 5 ' 


4tt [(2r) z + d 1 ] 3 


Mo 27t/f 2 



\ '4 UrWT 1 

[trUd'Y 2 1 4 J "2 

32. When (he coils are connected in parallel, the ratio of currents 
flowing in these coils will be equal to reciprocal of the ratio of 
their resistances. 


= — = —^ C 0 n s are 

4 ■ *1 PdM) 

made of similar wires) 

i 2 _ lnr 2 _ r 2 _5j_ _ (}A 0 i ] )/2i\ 

2n>\ )\ B 2 (Moh )^ r 2 

v L = 5 l 
h ; i. 

A4 

5 2 ^ UoJ 1 

33. 

Case!: 5 ftCI = 5j + B 2 + B 2 


A = 

^2 *2 


A = JV_ X _!£_ = 

fi 2 \Fint Moln k 1 

34. Equivalent current in the belt = sv (current per unit width) 

P 

t ---> 


11 
+ 


Fig. A3-9.S6 

Linear current density of belt is J = sv 
Using Ampere's law we can calculate magnetic field near the 
belt as 

flss £d = 

2 2 

35. The magnetic field due to B x < 5 5 will be 

3 0 



5 nc! = 5 3 + 25 2 cos 45 ° 

.Si/tiMi; 

2nr 2nr sj 2 
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- ^0 +&)j 

2 nr 


36. Magnetic Field due to circular loop, B\ = ~^-(k)= — k. 

2a 360 6a 

Due to straight wire, 

q 2 = x 2 sin 60 

4 Ka 

- ^ai(4) 

2 na 

. J na = £bl ( 

2 na 6a 

■ ^{^-f- <4) 

37. a. At the point exactly midway between the wires, the two 

magnetic Fields are in opposite directions and cancel. 
b.^At a distance a above the top wire, the magnetic fields are 
in the same direction and add up: 


2ki\ 


2 kt 2 2i la 2nQa) 


3 na 

c. At a distance a below the lower wire, magnitude of 
magnetic Field is same as part,(b) but is in the opposite 
direction: 


B - -W-i 
3 Ka 

38. The total magnetic Field is the vector sum of the constant 
magnetic field and the wire’s magnetic Field, 

a. At(0, 0, 1 m): 

B-Bo-^-i 

2 KT 

= (1.50 x 10‘ 6 T)i - (8-°° A) t 

27t(L 00 m) 


= -(l.ox 10 " 7 T)/ 


b. At (1 m, 0, 0): 


B = Ba+^-k 
2 k r' 


= (h5Qx 10 



, ^(S.QOA) ,: 

271(1. Q0 mjf'' . 

.. B = (1.50 x 10 -6 T)/ + (5 -6 x fO" 6 T>fc 
> =2.19xiO^T 

at 9= 46.8°. from x to z, 

\ 


c. At (0,0,- 0.25 m): 


B = S 0 +— i 
2 nr 

= (1.50xl0 _6 T)f + 
= (7.9 x 10" 5 T)i 


ju 0 (8.00 A) t 
2;r(0.25 m)' 


39. There is no contribution from the straight wires, and now we 
have two oppositely oriented contributions from the two 
semicircles: 


S=(5 l -S 2 )=i^j|/ 1 -/ 2 |, 

into the page. Note that if the two currents are equal, -he 
magnetic field goes to zero at the centre of the loop. 

40. The forces on the top and bottom segments cancel, leaving 
the left and right sides: 



41. For L {i § B dl = ju 0 (7, - / 2 ). Here I x is taken positive 
because magnetic lines of force produced by /, is anti- 
lockwise as seen from top. / 2 produces lines of B in 

clockwise sense as seen from top. The sense of dl is 
anticlockwise as seen from top. 


For 


f B-dU /i 0 (/,-/ 2 + / 4 ) 

For 

Ly < 

O 

II 


42. a <jB dl = rt,/cnci= 3.83xi0^Tm 

4ncl = 305 A 

b. -3.83 x 10^® since dl points opposite to B everywhere. 

43. Consider a coaxial cable where the currents run in opposite 

directions. 

a. For ao-<M cncl = 7 

B-dl = y 0 I => B2nr= V = 

J 2k r 

b. For r > c, the enclosed current is zero, so the magnetic 
field is also zero. 

44. a. Below the sheet, all the magnetic field contributions from 

different wires add up to produce a magnetic field that 
points jn the positive jc-direction. (Components in the z- 
dfraction cancel.) Using Ampere’s law, where we use the 
fact that the field is antisymmetrical above and below the 
current sheet, and that the legs of the path perpendicular 
provide nothing to the integral So, at a distance beneath 
the sheet the magnetic field is 
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:ncl = nU => cjB dl = B2L = h 0 "LI 

a 



13. 

rffl (»> ® a « 

"CT5J1 




2 





in the positive .v-direction. (Note that there is no depe- L B 

ndence on a.) " ** -► 


Fig. A3 “9.58 

h The field has the same magnitude above the sheet, but 
points in the negative jc-direction. 

















IIT-JEE 2010 Solved Paper 
Physics 




Objective Type 


Multiple choice questions with one correct answer 

1. Incandescent bulbs are designed by keeping in mind 
that the resistance of their filament increases with the 
increase in temperature. If at room temperature, 100 
W, 60 W and 40 W bulbs have filament resistances 
/? IAA , R and R respectively, the relation between 

I (AJ ou 

these resistances is 


a 1 1,1 
R m ' A« 


c - *m >R <. >R . 


SoL d* 


b. R tM = R dA + R„ 

100 40 60 


, 1.1.1 
^.00 R <0 


Power °c \/R 

2. To verify Ohm*s law, a student is provided with a test 
resistor R r a high resistance R , a small resistance R 
two identical galvanometers G and G 2> and a variable 
voltage source K The correct circuit to carry out the 
experiment is 


WWW- 

R< 


rM/WVH-. G~l p AAAAAq 
Rf J?2 




r G\ -WWVn 


MAAA/V- 

r t 


-fa 


mao 

Ri 


d. 


Ri 


G i -VWW-i 


—VWV\r 

Rr 


riiiin 

1-AAAAA,-I 


L vww J 

A. 


Gi —i 


■WWW 
*2 


l~M/WVV~H ^2 


-VWW-| 


4 ^ 


Sol. c. 

G ( is acting as voltmeter and is acting as ammeter. 

3. An AC voltage source of variable angular frequency 
0 ) and fixed amplitude V is connected in series with 
a capacitance C and an electric bulb of resistance R 
(inductance zero). When a) is increased 
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a. the bulb glows dimmer 

b. the bulb glows brighter 

c. total impedance of the circuit is unchanged 

d. total impedance of the circuit increases 


b * /1 


i | 

T, ^ p 


Sol. b. __ 

Impedance Z= ^ ^ 2 + 

as w increases, Z decreases. 

Hence, bulb will glow brighter. 

4. A thin flexible wire of length L is connected to two 
adjacent fixed points and carries a current 7 in the 
clockwise direction, as shown in the figure. When the 
system is put in a uniform magnetic field of strength 
B going into the plane of the paper, the wire takes the 
shape of a circle. The tension in the wire is 
xxxxxxxx 



Sol. c. 

27sin ^ = BiRdd 
TJ 


6 = BiRjdO (for 6 small) 
T = BiR = 


T cos (dOPl) 

4- 


T cos ( dQfl) 




t 2£4in (<J0V2) 


5. A block of mass m is on an inclined plane of angle 6. 
The coefficient of friction between the block and the 
plane is /t and tan 9 > fi. The block is held stationary 
by applying a force P parallel to the plane. The 
direction of force pointing up the plane is taken to be 
positive. As P is varied from P ( = /wg(sin0 — jicosO) to 
P _2 = wg(sin# + jji cos#), the fictional force / versus P 
graph will look like 




Sol. a. 


Initially, the frictional force is upwards as P increases 
frictional force decreases. 


6. A thin uniform annular disc (as shown in the figure) of 
mass A7has outer radius 4 R and inner radius 3 R. The 
work required to take a unit mass from poini P on its 
axis to infinity is 




3* 


o2jird)<j 

Vr + i 6R* 


a. ^h/2-5) 

b. 

-^W2-5) 

GM 
c ’ 4 R 

d. 


a. 

4 R 




7. Consider a thin square sheet of side L and thickness 

■ /, made of a material of resistivity p. The resistance 

between two opposite faces, shown by the shaded 
areas in the figure is 

a. directly proportional to L 

b. directly proportional to / 

c. independent of L 

d. independent of/ 

Sol. c. 

We see that R = ^. 

8. A real gas behaves like an ideal gas if its 

a. pressure and temperature are both high 

b. pressure and temperature are both low 

c. pressure is high and temperature is low 

d. pressure is low and temperature is high 
Sol. d. Self-explaintory 






























|a1 


Multiple choice questions with one or more than one 
correct answers 

9. A point mass of I kg collides elastically with a station¬ 
ary point mass of 5 kg. After their collision, the 1 kg 
mass reverses its direction and moves with a speed of 
2 ms -1 . Which of the following statement(s) is (are) 
correct for the system of these two masses? 

a. Total momentum of the system is 3 kg ms -1 

b. Momentum of 5 kg mass after collision is 4 kg ms" 1 

c. Kinetic energy of the centre of mass is 0.75 I 

d. Total kinetic energy of the system is 4J 


Sol. a, c. 


2 m/s 5 kg 



before collision after collision 


By conservation of linear momentum 
v = Sv - 2 (i) 

By Newton's experimental law of collision 
w = v + 2 (ii) 

Using Eqs. (i) and (ii), we have 
v = 1 m/s and u — 3 m/s 

Kinetic energy of the centre of mass = 4 m v 2 

J. system ciw 

= 0.75 J. 

10. One mole of an ideal gas in initial state A undergoes 
a cyclic process ABCA> as shown in the figure. Its 
pressure at A is P . Choose the correct option(s) from 
the following: 

a. Internal energies at A and B are the same 

b. Work done by the gas in process AB is P Q V 0 ln4 

c. Pressure at C is PJA 

d. Temperature at C is TJA 
Sol. a, b. 

It is found that process AB is isothermal process. 

11. A student uses a simple pendulum of exactly 1 m 
length to determine g y the acceleration due to gravity. 

■ He uses a stop watch with the least count of 1 sec for 
this and records 40 seconds for 20 oscillations. For 
this observation, which of the following statement(s) 
is (are)true? 

a. Error AT 1 in measuring 7, the time period, is 0.05 
seconds 

b. Error AT in measuring 7 \ the time period, is 1 
second 

c. Percentage error in the determination of g is 5% 

d. Percentage error in the determination of g is 2.5% 


Sob a, c. 

A_7_ 4/ _ j_ 

T t 40 

AT = 0.05 sec 
4 jz 2 Ln 2 

g= ~r 

Ag_ 2 A/ 

8 ~ 1 

% Error = 2 j 1 x 100 = 5% 

12. A few electric field lines for a system of two charges 
(^and Q 2 fixed at two different points on the^-axis are 
shown in the figure. These lines suggest that 

a. ig,i>ig 2 i 

b. \Q t \<\Q 2 \ 

c. at a finite distance to the left of Q, the electric field 
is zero 

d. at a finite distance to the right of Q 2 , the electric 
field is zero 

Sol. a, d. 

Number of electric field lines of forces emerging from 
Q x are larger than terminating at Q^ 

13. A ray OP of monochromatic light is incident on the 
face AB of prism ABCD near vertex B at an incident 
angle of 60 6 . If the refractive index of the material of 
the prism is V3 , which of the following is (are) cor¬ 
rect? 

a. The ray gets totally internally reflected at face CD 

b. The ray comes out through face AD 

c. The angle between the incident ray and the 
emergent ray is 90° 

d. The angle between the incident ray and the 
emergent ray is 120° 

$ol. a, b, c. 

Using Snell's law, we get 

Net deviation is 90° 

Linked comprehension type 
Problems 14-15: 

Electrical resistance of certain materials, known as 
superconductors, changes abruptly from a nonzero 
value to zero as their temperature is lowered below a 
critical temperature 7’(0). An interesting property of 
superconductors is that their critical temperature becomes 
smaller than 7(0) if they are placed in a magnetic field, i.e., 


T 
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the critical temperature T (B) is a function of the magnetic 
field strength B. The dependence of T (B) on B is shown in 
the figure. 


14. In the graphs below, the resistance/?ofa superconductor 
is shown as a function of its temperature T for two 
different magnetic fields B i (solid line), and B 2 (dashed 
line). l(B 7 is larger than 5 ( which of the following graphs 
shows the correct variation of R with T in these fields? 

A y 

* 

t y 


B | 


a. *A 



b. 



of 



Larger the magnetic field, smaller the critical 
temperature. 

15. A superconductor has T (0)= 100 K. When a magnetic 
field of 7.5 T is applied, its T decreases to 75 K. For 
this material, one can definitely say that when 


a. J B = 5T,7 c (£) = 80K 

b. B = 5T,15K<T c (B)< 100 K 

c. 5-10T,75K<r <: < 100K 

d. B=\0T y T c = 10K 
So). b. Self-explainatory 


Problems 16-18: 

When a particle of mass m moves on the x-axis in a potential 
of the form V(x) = be 2 if performs simple harmonic moti on. 
The corresponding time period is proportional to B Irrt/k, as 
can be seen easily using dimensional analysis. However, the 
motion of a particle can be periodic even when its potential 
energy increases on both sides of x = 0 in a way different 
from Ax 2 and its total energy is such that the particle does 
not escape to infinity. Consider a particle of mass m moving 
on the x-axis. Its potential energy is K(x) - ax' [a> 0) for |x| 
near the origin and becomes a constant equal to V for |x| > 
X D (see figure). 


16. If the total energy of the particle is E> it will perform 
periodic motion only if 

a. E < 0 b. E> 0 

c. V>E> 0 d. E> V. 

o o 

Sol. c. 

Energy must be less than V Q . 

17. For periodic motion of small amplitude A , the time 
period T of this particle is proportional to 



Sol. b. 

[a] = ML~ 2 r 2 

Only option (b) has dimension of time. Alternatively, 



Substituting, we get x - Au. 


18. The acceleration of this particle for |x| > X Q is 

a. proportional to V b. proportional to V^tniX^ 

c. proportional to ^VJmX d.zero 
Sol. d. 

As potential energy is constant for |x| > X Q> the force 
on the particle is zero. Hence, acceleration is zero. 


Integer type 

This section contains ten questions.-Thc answer to each 
question is a single-digit integer ranging from 0 to 9. The 
correct digit below the question number in the ORS is to 
be bubbled. 



19. Gravitational acceleration on the surface of a planet 
is V6/Ug, where g is the gravitational acceleration 
on the surface of the earth. The average mass density 
of the planet is 2/3 times that of the earth. If the es¬ 
cape speed on the surface of the earth is taken to be 11 
kms"\ the escape speed on the surface of the planet in 
kms _, willbe_ . 
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&A' 


Sol. (3) 


t 

8 


^6 Pi 

11 • P 


Hence, ^- = -^ 


3 

V \ R 2 p "11 


v' =3 km/s 

CSC 


20 . 


Sol. (7) 


f =f c+v 
4pp -V- V 


rf/=- 






(c - vY 
where c is speed of sound : 

» 

Hence, dv~l km/hr. 

22. The focal length of a thin biconvex lens is 20 cm. 
When an object is moved from a distance of 25 cm 
in front of it to 50 cm, the magnification of its image 


changes, from to m^. The ratio is 


j# 


25 50 — 


Sol. (6) 


m = 


f 


/ + : M ... : 

23. .An ct- particle and a proton are accelerated from rest 
by a potential difference of 100 V. After this, their de 
Broglie wavelengths are A and X respectively. The ra¬ 
tio AyAy to the nearest integer, is_. 

Sol. (3) 

= q V 

1„A 

A mv 
A = %/8 - 3 


24. When two identical batteries of internal resistance 
- 1 Q each are connected in series across a resistor ft, 
the rate of heat produced in R is J. When the same 
batteries are connected in parallel across ft, the rate/ is 


J r If = 2.25 J 2 , then the value of /? ip Q is_ 


Sol. (4) 


/ 




A piece of ice (heat capacity = 2100 J kg* 1 *C _I and 
latent heat = 3.36 x 10 5 J kg -1 ) of mass m grams is 
at -5°C at atmospheric pressure. It.is given 420 I of 
heat so (hat the ice. starts melting. Finally, when the 
ice-water mixture is in equilibrium, it is found that 1 
g of ice has melted. Assuming there is no other heat 
exchange in the process, the value of m is_. 

SoL (8) 

420 = (m x 2100 x 5 + I x 3.36’x 10* ) x 10" 3 
where m is in gm. 

21. A stationary source is emitting sound at a fixed 
frequency^, which is reflected by two cars approaching 
the'source. The difference between the frequencies of 
- sound reflected from the cars is 1 2% of^. What is the 
difference in the speeds of the cars (in km per hour) to 
. "themearest integer ?.The,cars are moving at constant 
. . speeds much, smaller than the speecL of sound which is 
330 ms" 1 . 


R = 4Q . i 1 ■ ■ ■ ' 

25. Two spherical bodies A (radius 6 cm ) and B (radius 
18 cm) are at temperature 7^ and T 2 , respectively. The 
maximum intensity in the emission spectmm of A is 
at 500 nm and in that of B is at 1500 run. Considering 
them to be black bodies, what will be the ratio of the 
rate of total energy radiated by A to that of B7 


Sol. (9) 


XT~ constant 

/ii 

v.-v. ■ 


Rate of total energy radiated * AT 4 
26. When two progressive waves - 4 sin(2x - 60 and 
= 3sin [lx - 6t - ^ are superimposed, the ampli- 


I h 


tude of (he resultant wave is < 


Sol. (5) 


Two waves have phase difference jr/2. 



27, A 0.1 kg mass is suspended from a wire of negligible 

mass. The length of the wire is 1 m and its cross-sectional 
area is 4.9 x 10" 7 m 2 . If the mass is pulled a little in the 
vertically downward direction and released, i( performs 
simple harmonic motion of angular frequency 140 rad 
s“‘. If the'Young's modulus of the material of the wire 
is n x 10° Nm” 2 , the value of n i$_. 

Sol. (4) 

. -®... 

28. A binary star consists of two stars A (mass 2.2A7) and 

B (mass UA/), where M is (he mass 3 of the sun- They 
are separated by distance ^ and are notating about their 
centre of mass, which is stationary. The ratio of the total 
angular momentum of the binary star to die angular 
momentum of star B about the centre of mass is_. 


Sol. (6) 


L t t . m.r; 

lolfll ■ ■ 



























Objective Type 

Multiple choice questions with one correct answer 

1. A block of mass 2 kg is free tmmove along (he x-axis. 
It is at rest and from t ** 0 onwards it is subjected to a 
time-dependent force F(t) in the x direction. The force 
Fit) varies with / as shown in the figure. The kinetic 
energy of the block after 4.5 seconds is 



Sol. c. 

Area under F-t curve = 4.5 kg-m/sec 
K.E. = ^(2) ) 2 =5.06-J 

2. A uniformly charged thin spherical shell of radius R 
carries uniform surface charge density of o per unit 
area. It is made of two hemispherical shells, held to¬ 
gether by pressing them with forced, /ms proportional 
to 



Sol. a. 

2 J2 

Pressure = force ” 2e~ x 

fc o o 

3. A tiny spherical oil drop carrying a net charge q is bal¬ 


anced in still air with a vertical uni form electric field of 
strength (8 1 jt/7) x lO^VrrT 1 .Whentbefieldisswitched 
. off, the drop is observed to.fall with terminal velocity 2 
x 1CT 3 ms" 1 . Giyen^^ 9.8 ms" 2 , viscosity of the air 
= 1.8 x iO" 5 Ns m“ 2 and the density of oil = 900 kg 
m" 3 , the magnitude of q is 

a. 1.6 x 10" I9 C b. 3.2 x 10“ I9 C 

c. 4.8 x 10"19C d-«.0 X 10" I9 C 


Sold. 

Ipt&Pg = qE = 6pt)Rv r 
8.0 x 10“ r9 C 

4 P A vernier callipers has 1 mm marks on the main scale. 
It has 20 equal divisions on the vernier scale which 
match with 16 main scale divisions. For this vernier 
callipers, the least count is 

a, 0.02 mm :b. 0,05 mm 

c. O. i mm d. 0.2 mm 

Sol.dL 


L.C. = 1 M.S'.'D - 1 V.S.D 

(-«! 

| M.S.D 

(- 1 ) 

(1 -nun) = 0.2 mm 


5. A biconvex lens of focal length 15 cm is in front of a 
,p]ane -mirror. The distance between the lens and the 
■ mirror is 10 cm. A small object is kept at a.distance of 
30 cm from the lens. The final image is 

a. virtual and at a distance of 16 cm from the mirror 

b. real and at a distance of 16 cm from the mirror 

c. virtual and at a distance of 20 cm from the mirror 

d. real and at a distance of 20 cm from the mirror 


Sol. b. 



6. A hollow pipe of length 0.8 m is closed at one end. At 
its open end a 0.5 m long uniform string is vibrating 
in its second harmonic and it resonates with the 
fundamental frequency of the pipe. If the tension in 
the wire is 50 N and the speed of sound is 320 ms" 1 , 
the mass of the string is 
a. 5 g b. 10 g 

c. 20 g d. 40 g 


V 

_ 3 _ 

41. 


2 § 

2 Is 


Sol. b. 


















: |[^JEE:20l,Q : SftLy^diRap,ei l 


Integer type 

This section contains five questions. The answer to each 
question is a single-digit integer, ranging from 0 to 9. 
TK« correct digit below- the question number in the ORS 
is to be bubbled; 

7. A large glass slab (u = 5/3) of thickness 8 cm is placed 
over a point source of light on a plane surface. It is 
seerf that light emerges out-of the top surface of the 
slab from a circular area of radius R cm.; What is the 
value of/?? 

Sol. (6) 

sin 8 = 3/5 8cm 

C 

6 cm 

8 k . Image of an object approaching a convex mirror 
of radius of curvature 20 m along its optical axis is 
observed to moye from 25/3 m to 50/7 m in 30 seconds. 
What is the speed of the object in km per hour ? 


10, A diatomic ideal gas is compressed, adiabatically to 
1/32 of it^ initial volume. If the initial temperature of 
the gas is T. (in kelvin) and the final temperature is aT> 
the value of a is_. 

Sol. ( 8 ) 

TV = constant 

TV 7/5-1 = 

= 4. ' ' : 

11.. At.time t ~ 0, a battery of 10 V is connected across 
points A and B in the given circuit. If the capacitors 
have no charge initially, at what time (in seconds) 
does the voltage across them becomes 4 volt? [take In 
,5 = 1.6, In 3 = 1 . 1 ] 

Sol. (2) 

4=10(1 -e - " 4 ) 

■■■ / = 2 sec 



Sol. (3) 

For v ] = 4^ m, u } = -25 m 
25 

v = “ 5 “ m, u = -50 m 
2 3 . 2 

Speed of object ~§§ x ^ kmph, 

9: To determine the half-life of a> radioactive element, a 


student plots a graph of In 


dN(t) 

dt 


versus Here 


mf) 

dt 


is the rate of radioactive decay at time If the number 
of radioactive nuclei of this element decreases by a 
factor of p after 4.16 years, the value of p is_. 



Linked comprehension type 
Problems 12-14: 

When liquid medicine of density p is to be put in the eye, 
it is done with the help of a dropper. As the bulb on the top 
of the dropper is pressed, a drop forms at the opening of 
the dropper. We wish to estimate the size of the drop. We 
first assume that the drop formed at the opening is spherical 
because that requires a minimum increase in its surface 
energy. To determine the size, we calculate the net vertical i 
force due to the surface tension T when the radius of the drop 
is R . When the force becomes smaller than the weight of the 
drop, the drop gets detached from the dropper 

12. If the radius of the opening of the dropper is r , the 
vertical force due to the surface tension on the drop of 
radius R (assuming r < R) is . . 

a. TjtrT b. 2nRT 


c. 

Sol. c. 


R 


d. 


2nR 2 T 


Sol. (8) 


Surface tension force = 2nrT^ - —^— 


N=N Q e-Xt . 

\ti\dNldt\ = lh(/V^) -Xt 

From graph 1 , X - ^ per year 
4.16 yrs = 3 / (/2 

:.p = 8 


1-3. If r=5 X 10 - 4 m,p = 10 3 kg m -3 , g = 10 m/s 2 , T-O.ll 
Nm” 1 , the radius of the drop when it detaches from the 
dropper is approximately_. 

a. 1.4 x 10 _3 m b. 3.3 X 10~ 3 m 

c. 2.0 X 10 “ 3 m: d. 4.1 X l0 -3 m 


Sol. 


^j^ = mg = %JtR i pg 


































14. After the drop detaches, its surface energy is_ 
[a. 1.4 x. 1(T 6 j ' b. 2.7 x 10" 6 J 

jc. 5.4 x 10 _i J d! 8.1 x I0“ s J. ■ 

Sol. b. 

Surface energy = T(AkB?) = 2.7. X lO -6 J 


/ = mr} + w r 2 , 

II 2 2 

'■':d= 1.3X l6“ ! ° m •' ■■ 

" 5>‘ ' ' ' ■ ' 

m ■ • #- m. 

1 <- >< -> 

r , r. 


Prob 


ems 15-17: 


Match the column type 


The key feature of Bohr's theory of spectrum of hydrogen 
atom is the quantization of angular momentum when an 
electron is revolving around a proton. We will extend this 
to a general rotational motion to find quantized rotational 
energ^of a diatomic molecule assuming it to be rigid. The 
rule to be applied is Bohr's quantization condition. 

15. ^ diatomic molecule has moment of inertia 1. By 
Bohr's quantization condition its rotational energy in 
the H lh level (« = 0 is not allowed) is_. 



16. It is found that the excitation frequency from ground to 
the first excited state of rotation for the CO molecule is 
close to 4 In x 1 O ^ 1 Hz . Then the moment of inertia of 
CO molecule about its centre of mass is close to 
(Take h = 2jt x 1(T 34 Js) 

a. 2.76 x 10~ 46 kg m 2 

b. 1.87 X 10" 46 kgm 2 

c. 4.67 X lO'^kgm 2 

d. 1.17 X 10" 47 kg m 2 

Sol. b. 

i hv = LE - kE , 

/= 1.87 x l.0“ 46 kgm 2 . 

17. In a CO molecule, the distance between C (mass = 12 

a.m.u) and O (mass = 16 a.m.u.)„ where 1 a.m.u. = j 
x 10“ 27 kg, is close to_. 

a. 2.4 X 10“ lo m b. 1.9X 10" lo m 

c. 1.3 x 10 _lt) m d. 4.4X 10" M m 

Sol. c. 

m 2 d m^d 

r \ ~ w | + m 2 anc * r 2 ~ m^+rrT^ 


Match the entries in Column I with appropriate options 
in Column II. J 


18. Two transparent media of refractive indices and 
have a solid lens shaped transparent material .of re¬ 
fractive index p 2 between them as shown in figures in 
Column II. A ray traversing these media is also shown 
in the figures. In Column I different relationships be¬ 
tween P { ,P 2 and/*, are given.' Match them to the fay 
diagram shown in Column II; J J 







^ * Hi V 




19. You are given many resistances, capacitors and 
inductors. These are connected to a variable DC 
voltage source (the first two circuits) or an AC voltage 
source of 50 Hz frequency (the next three circuits) in 
different ways as shown in Column II. When a current 
/(steady state for DC or rms for AC) flows through the 
circuit, the corresponding voltage V x and V 2 (indicated 
in circuits) are related as shown in Column I. Match 
the two 































Sol. a.-^ r>, t.; !>♦-► q n r.» §*, t; c.-* q«; d>-► q. f r>, $., I. 
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